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© 1992 Advanced Micro Devices, Inc. 


Advanced Micro Devices reserves the right to make changes in its products 
without notice in order to improve design or performance characteristics. 


This publication neither states nor implies any warranty of any kind, including but not limited to implied warrants of merchan- 


tability or fitness for a particular application. AMD assumes no fesponsioy for the use of any circuitry other than the circuitry 
in an AMD product. 


The information in this publication is believed to be accurate in all respects at the time of publication, but is subject to change 
without notice. AMD assumes no responsibility for any errors or omissions, and disclaims responsibility for any consequences 
resulting from the use of the information included herein. Additionally, AMD assumes no responsibility for the functioning of 
undescribed features or parameters. 


Trademarks 


Product names used in this publication are for identification purposes only and may be trademarks of their respective companies. 


DAI, EADI, Integrated Local Area Communications Controller, ILACC are trademarks and PAL and SKINNYDIP are registered 
trademarks of Advanced Micro Devices, Inc. 


Ethernet is a registered trademark of Xerox Corporation. 

IBM PC/AT is a registered trademark of International Business Machines Corporation. 
Macintosh Il is a registered trademark of Apple Computer, Inc. 

NetWare is a registered trademark of Novell, Inc. 

NuBus is a trademark of Texas Instruments, Inc. 


This publication provides the complete specifications for the semiconductors needed in 
designing 10BASE5, 10BASE2 or 10BASE-—T IEEE 802.3/Ethernet network products. 


It replaces the book we published less than twelve months ago. This quick cycle 
represents many exciting factors: 


— AMD's continued introduction of new and next generation 
Ethernet products. 


— Rapid adoption of compliant controller, physical layer and 
hub products. 


-— The accelerated pace of product introductions due to the 
diversity of the world market. 


To those of you who have experience with our products, we are the advance guard 

in the increasing importance of sharing data. And, to you who are not familiar with our 
products, AMD’s networking team welcomes the opportunity to share our newest 
specifications with you. 


Remember our partnership helps you gain and keep the competitive edge. We are not 
your competition. 


Robert M. Krueger 
Vice President, 
Networks Product Division 
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INTRODUCTION ra 


Advanced Micro Devices was the first company in the industry to offer a complete 
802.3/Ethernet chip set in 1985. Today, AMD is a leading supplier of integrated circuits to 
the local area network and the wide area network marketplace. Our total portfolio includes 
products for 802.3/Ethemet, Fiber Distributed Data Interface (FDDI), ESCON, Fiber Chan- 
nel and ISDN applications. This rich mix of products reflects AMD’s commitment to your 
needs and insures leadership in this exciting marketplace. 


This handbook includes a complete offering of solutions for the systems architect/designer 
of 802.3/Ethernet local area network (LAN) applications. 


AMD Value Proposition 
AMD provides products that accelerate your products’ time-to-market. 


Our products are supported with software and board level solutions to accelerate the design 
cycle. Agreat emphasis is placed on standards compliance, interoperability testing and sys- 
tems verification of our integrated circuits. 


Many of AMD’s products result from joint development programs with premier networking 
systems corporations. This ensures optimal product definition and system verification. 
Examples of joint development efforts include Digital Equipment Corporation, Hewlett- 
Packard Corporation, 3COM Corporation, and SynOptics Communications, Inc. 


Motherboards 


AMD is the leading supplier of 802.3/Ethernet ICs to the motherboard marketplace. This 
market includes engineering workstations and personal computer platforms. AMD offers so- 
lutions for both 16-bit and 32-bit microprocessor busses. The industry’s most widely de- 
signed in Ethernet controller, the Am7990 LANCE, defined the industry preferred architec- 
ture for efficient software interface in high-performance applications. AMD’s second gen- 
eration Ethernet controller, the Am79C900 ILACC, offers an easy migration path to 32-bit 
applications. The ILACC has a higher level of integration and performance, while taking ad- 
vantage of the existing software development investment. Software drivers written for the 
Am7990 LANCE can easily be converted to serve the Am79C900 ILACC. 


Complementing the controller offering are a Manchester encoder/decoder and several 
physical layer devices for either thick coax Ethernet/IEEE 802.3 (10BASES5), thin coax 
Cheapernet/IEEE 802.3 (10BASE2), or twisted pair Ethernet/IEEE 802.3 (10BASE-T). The 
Am79C98, Twisted Pair Ethernet Transceiver (TPEX), has a special power-down feature, 
sleep mode, optimal for PC laptop applications. 


Medium Attachment Units 

For medium attachment units (MAUs), also known as stand-alone transceivers, AMD offers 
two products. The original Ethernet/802.3 10BASE5 and 10BASE2 transceiver, the 
Am7996, is a proven industry solution used extensively in all markets. An evaluation board, 
the Am7996EVAL-HW, facilitates rapid design and production of Am7996 based MAUs. 


The second device, the Am79C98 Twisted Pair Ethernet Transceiver (TPEX), is AMD’s 
offering for the 802.3 10BASE-T market. The Am79C98 is a highly integrated device that 
allows for a very cost-effective LAN system implementation using 10BASE-T medium 
attachment units. The Am79C98 is also supported by a stand-alone evaluation board, the 
Am79C98EVAL-HW, to speed progress along the learning curve. 
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Multiport Repeaters 

Muitiport repeaters, hubs and concentrators have been used in the industry for many years 
in coaxial cable networks. With the emergence of 10BASE-T and its structured cabling sys- 
tem or physical star configuration, the multiport repeater has become an essential part of a 
local area network. Without a 10BASE-T multiport repeater there is no 10BASE-T network. 


The principal value of a 10BASE-T local area network is that it allows the network manager 
to build, reconfigure and maintain a large and reliable network with a low-cost of ownership. 
To improve reliability, reduce system cost, and allow for effective LAN management in a 


~ 10BASE-T multiport repeater implementation, AMD has introduced the Am79C980 Inte- 


grated Multiport Repeater (IMR). This device allows the system designer to easily develop 
reliable, maintainable 10BASE-T multiport repeaters of various complexity and functional- 
ity. The Am79C980 is supported by the IMR-VELCRO-HW kit to facilitate rapid design and 
production of IMR based 10BASE-T hubs. 


PC Add-on cards 


AMD's family of Ethernet controllers and transceivers are well suited for high performance 
add-on card applications. 


In 1989, AMD developed the industry’s first bus master PC add-on card for the IBM PC/AT™ 
and compatibles. The AT half card, the LANCE-AT-KT, is supported with Novell NetWare™ 
Certified driver software and a development monitor/debug program. This board allows the | 
system designer to easily evaluate the AMD devices. It also serves as a reference platform 
for product development of PC add-on card products. 


Similarly, the 32-bit ILACC controller is supported by a 32-bit add-on card with a NU-bus™ 
interface, the ILACC-MAC-KT, for the Apple Macintosh II family of computers. 
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Am7990 


Local Area Network Controller for Ethernet (LANCE) 


DISTINCTIVE CHARACTERISTICS 

m@ Compatible with Ethernet and IEEE 802.3 
10BASE 5 Type A, and 10BASE 2 Type B, 
“Cheapernet” 


m@ Easily interfaced with 80x86, 680x0, Am29000, 
Z8000™, LSI-II™ microprocessors 


™ On-board DMA and buffer management, 48 
byte FIFO 


Mm 24-bit wide linear addressing (Bus Master 
Mode) 


GENERAL DESCRIPTION 


The Am7990 Local Area Network Controller for Ethernet 
(LANCE) is a 48-pin VLSI device designed to greatly 
simplify interfacing a microcomputer or minicomputer to 
an IEEE 802.3/Ethernet Local Area Network. The 
LANCE, in conjunction with the Am7992B Serial Inter- 
face Adapter (SIA), Am7996, Am7997 or Am79C98 
Transceiver, and closely coupled local memory and mi- 
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@ Network and packet error reporting 


™ Back-to-back packet reception with as little as 
4.1 sec Interpacket gap time 


mM Diagnostic Routines 
— Internal/external loop back 
— CRC logic check 
— Time domain reflectometer 


croprocessor, is intended to provide the user with a 
complete interface module for an Ethernet network. The 
Am7990 is designed using a scaled NMOS technology 
and is compatible with a variety of microprocessors. On- 
board DMA, advanced buffer management, and exten- 
sive error reporting and diagnostics facilitate design and 
improve system performance. 
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RELATED AMD PRODUCTS 
PartNo. | Description 


Am79C900 | Integrated Local Area Communications Controller 
Am79C98 Twisted Pair Ethernet Transceiver 
Am79C980 | Integrated Multiport Repeater — 
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ORDERING INFORMATION 


Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combi- 


nation) is formed by a combination of the following: 
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DEVICE NUMBER/DESCRIPTION . 
Am7990 
Local Area Network Controller for Ethernet 


Valid Combinations 


DC, DCB, 
PC, PCB, 
JC, JCTR 


AM7990 


Am7990 


[ ree REVISION 


Revision of Die 
80 = Current Rev. 


OPTIONAL PROCESSING 

Blank = Standard Processing 

B = Burn-in 

TR = Tape and Reel Packaging 


TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 


PACKAGE TYPE 
48-Pin Plastic DIP (PD 048) 


D z 48-Pin Sidebrazed Ceramic (SD 048) © 
J = 68-Plastic Leaded Chip Carrier 

(PL 068) 
SPEED OPTION 


Not Applicable 


Valid Combinations 


The Valid Combinations table lists configura- 
tions planned to be supported in volume for 
this device. Consult the local AMD sales of- 
fice to confirm availability of specific valid 
combinations, to check on newly released 
combinations, and to obtain additional data 
on AMD’s standard military grade products. 


PIN DESCRIPTION 
A16 - A23 
High Order Address Bus (Output Three State) 


Additional address bits to access a 24-bit address. 
These lines are driven as a Bus Master only. 


ADR 

Register Address Port Select (Input) 

When LANCE is slave, ADR indicates which of the two 
register ports is selected. ADR LOW selects register 
data port; ADR HIGH selects register address port. ADR 


must be valid throughout the data portion of the bus cy- 
cle and is only used by the LANCE when CS is LOW. 


ALE/AS 

Address Latch Enable (Output, Three-State) 

Used to demultiplex the DAL lines and define the ad- 
dress portion of the bus cycle. This I/O pin is program- 
mable through bit (01) of CSRs . 


As ALE (CSR3 (01), ACON = 0), the signal transitions 
from a HIGH to a LOW during the address portion of the 
transfer and remains LOW during the data portion. ALE 
can be used by a Slave device to control a latch on the 
bus address lines. When ALE is HIGH, the latchis open, 
and when ALE goes LOW, the latch Is closed. 


As AS (CSRs (01), ACON = 1), the signal pulses LOW 
during the address portion of the bus transaction. The 
LOW-to-HIGH transition of AS can be used by a Slave 
device to strobe the address into a register. 


The LANCE drives the ALE/AS line only as a Bus 
Master. 


BM./BYTE, BM:/BUSAKO 
(Output, Three-state) 


The two pins are programmable through bit (00) of CSRs 


BMo, BM: — If CSRs (00) BCON = 0 
PIN 15 = BMo (Output Three-state) (48-Pin DIPs) 
PIN 16 = BM: (Output Three-state) (48-Pin DIPs) 


BMo, BM: (Byte Mask). This indicates the byte(s) on the 
DAL are to be read or written during this bus transaction. 
The LANCE drives these lines only as a Bus Master. It 
ignores the Byte Mask lines when it is a Bus Slave and 
assumes word transfers. 


Byte selection using Byte Mask is done as described by 
the following table. 
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BM; BMo 

Whole Word 
LOW HIGH Upper Byte 
HIGH LOW Lower Byte 
HIGH HIGH None 


BYTE, BUSAKO — If CSRs (00) BCON = 1 


PIN 15 = BYTE (Output Three-state) (48-Pin DIPs) 
PIN 16 = BUSAKO (Output) (48-Pin DIPs) 


Byte selection may also be done using the BYTE line 
and DALoo line, latched during the address portion of the 
bus cycle. The LANCE drives BYTE only as a Bus Mas- 
ter and ignores it when a Bus Slave selection is done 


(similar to BMo, BM1). 

Byte selection is done as outlined in the following table. 
BYTE DALoo 
LOW LOW 
LOW HIGH 
HIGH LOW 
HIGH HIGH 


Whole Word 
Iilegal Condition 
Lower Byte 


Upper Byte 


BUSAKO is a bus request daisy chain output. If the chip 
is not requesting the bus and it receives HLDA, 
BUSAKO will be driven LOW. If the LANCE is requesting 
the bus when it receives HLDA, BUSAKO will remain 
HIGH. 


Byte Swapping 

Inorder to be compatible with the variety of 16-bit micro- 
processors available to the designer, the LANCE may 
be programmed to swap the position of the upper and 
lower order bytes on data involved in transfers with the 
internal FIFO. 


Byte swapping is done when BSWP = 1. The most sig- 
nificant byte of the word in this case will appear on DAL 
lines 7-0 andthe least significant byte on DAL lines 15-8. 


When BYTE = H (indicating a byte transfer) the table in- 
dicates on which part of the 16-bit data bus the actual 
data will appear. 


Whenever byte swap is activated, the only data that Is 
swapped is data traveling to and from the FIFO. 
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Mode Bits 


BSWP =0 | BSWP = 1 
and BCON =1 | and BCON =1 


BYTE =Land 

‘DALoo = H 

BYTE =H and Upper Byte Lower Byte 
DALoo = H 

BYTE =Hand| Lower Byte Upper Byte 
DALoo = L 


CLSN | 
Collision (Input) 


A logical input that indicates that a collision is occurring 
on the channel. 


cs 
Chip Select (Input) 


Indicates, when asserted, that the LANCE is the slave 
device of the data transfer. CS must be valid throughout 
the data portion of the bus cycle. CS must not be as- 
serted when HLDA is LOW 


DALoo — DALis 


Data/Address Lines (Input/Output, Three-State) 


The time multiplexed Address/Data bus. During the ad- 
dress portion of a memory transfer, DALoo — DALis con- 
tains the lower 16 bits of the memory address. The up- 
per 8 bits of address are contained in Ai6 — Az3. 


Signal Line 


BYTE =Land 
DALoo = L 


During the data portion of a memory transfer, DALoo — 


DALiscontains the read or write data, depending on the 
type of transfer. 


The LANCE drives these lines as a Bus Master andasa 
Bus Slave. 


DALI | 
Data/Address Line In (Output, Three-State) 


An external bus transceiver control line. DALI is as- 
serted when the LANCE reads from the DAL lines. It will 
be LOW during the data portion of a READ transfer and 
remain HIGH for the entire transfer if it is a WRITE. DALI 
is driven only when LANCE is a Bus Master. 


DALO 
Data/Address Line Out (Output, Three-State) 


An external bus transceiver control line. DALO is as- 
serted when the LANCE drives the DAL lines. DALO will 
be LOW only during the address portion if the transfer is 
a READ. It will be LOW for the entire transfer if the trans- 
fer is a WRITE. DALO is driven only when LANCE is a 
Bus Master. 


DAS 
Data Strobe (Input/Output, Three-State) 


Defines the data portion of the bus transaction. DAS is 
high during the address portion of a bus transaction and 
low during the data portion. The LOW-to-HIGH transi- 
tion can be used by a Slave device to strobe bus data 
into a register. DAS is driven only as a Bus Master. 


HLDA 
Bus Hold Acknowledge (Input) 


_Aresponse to HOLD. When HLDA is LOW in response 


to the chip’s assertion of HOLD, the chip is the Bus 
Master. 


During bus master operation the LANCE waits for HLDA 
to be deasserted ‘HIGH’ before reasserting HOLD 
‘LOW’. This insures proper bus handshake under all 
Situations. 


HOLD/BUSRQ 
Bus Hold Request (Output, Open Drain) 


Asserted by the LANCE when it requires access to 
memory. HOLD is held LOW for the entire ensuing bus 
transaction. The function of this pin is programmed 
through bit (00) of CSRs. Bit (00) of CSRs is cleared 
when RESET is asserted. 


When CSRs (00) BCON =0 
PIN 17 = HOLD 


(Output Open Drain and input sense) 
(48-Pin DIPs) 


When CSRs (00) BCON = 1 
PIN 17 = BUSRQ (I/O Sense, Open Drain) (48-Pin DIPs) 


If the LANCE wants to use the bus, it looks at HOLD/ 
BUSRQ,; if it is HIGH the LANCE can pull it LOW and re- 
quest the bus. If itis already LOW, the LANCE waits forit 
to go inactive-HIGH before requesting the bus. 


INTR 
Interrupt (Output, Open Drain) 


An attention signal that indicates, when active, that one 
or more of the following CSRo status flags is set: BABL, 
MERR, MISS, RINT, TINT or IDON. INTR is enabled by 
bit 06 of CSRO (INEA = 1). INTR remains asserted until 
the source of Interrupt is removed. 

RCLK 

Receive Clock (Input) 


A 10 MHz square wave synchronized to the Receive 
data and only active while receiving an Input Bit Stream. 


READ 
(Input/Output, Three-State) 


Indicates the type of operation to be performed in the 
Current bus cycle. This signals an output when the 
LANCE is a Bus Master. 
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High — Data is taken off the DAL by the LANCE. 
Low — Data is placed on the DAL by the LANCE. 
The signal is an input when the LANCE is a Bus Slave. 
High — Data is placed on the DAL by the LANCE. 
Low — Data is taken off the DAL by the LANCE. 


READY 

(Input/Output, Open Drain) 

When the LANCE is a Bus Master, READY is an asyn- 
chronous acknowledgment from the bus memory that it 


will accept data ina WRITE cycle or that it has put data 
on the DAL lines in a READ cycle. 


As a Bus Slave, the LANCE asserts READY when it has 
put data on the DAL lines during a READ cycle or is 
about to take data off the DAL lines during a write cycle. 
READY is a response to DAS and will return High after 
DAS has gone High. READY is an input when the 
LANCE is a Bus Master and an output when the LANCE 
is a Bus Slave. 


RENA 

Receive Enable (Input) - 

A logical input that indicates the presence of carrier on 
the channel. 

RESET 

Reset (Input) 


Bus Request Signal. Causes the LANCE to cease op- 
eration, clear its internal logic, force all three-state 
buffers to the high impedance state, and enter an idle 
state with the stop bit of CSRo set. It is recommended 
that a 3.3 kQ pullup resistor be connected to this pin. 


AMD al 


RX 
Receive (Input) 
Receive Input Bit Stream. 


TCLK 


Transmit Clock (Input) 
10 MHz clock. 


TENA 
Transmit Enable (Output) 


Transmit Output Bit Stream enable. When asserted, it 
enables valid transmit output (TX). 


TX 
Transmit (Output) 
Transmit Output Bit Stream. 


Vcc 
Power supply pin +5 volt +5% 


It is recommended that a 0.1 wF and a 10 uF decoupling 
Capacitors be used between Vcc and Vss. 


Vss 
Ground 


Pin 1 and 24 (48-Pin DIPs) should be connected to- 
gether externally, as close to the chip as possible. 
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FUNCTIONAL DESCRIPTION 


The parallel interface of the Local Area Network Control- 
ler for Ethernet (LANCE) has been designed to be 
“friendly” or easy to interface to a variety of popular 
16-bit microprocessors. These microprocessors include 
the Z8000, Am29000, 80x86, 680x0 and LSI-11. The 
LANCE has a 24-bit wide linear address space when it is 
in the Bus Master Mode, allowing it to DMA directly into 
the entire address space of the above microprocessors. 
A programmable mode of operation allows byte ad- 


Data and Address 
Address Bits 


dressing in one of two ways: a Byte/Word control signal 
compatible with the 8086 and Z8000 or an Upper Data 
Strobe and Lower Data Strobe signal compatible with 
microprocessors such as the 68000. A programmable 
polarity on the Address Strobe signal eliminates the 
need for external logic. The LANCE interfaces with both 
multiplexed and demultiplexed data busses and fea- 
tures control signals for address/data bus transceivers. 


Bits0-15 16-23 Control 


f 


so 
J] 


[ po tite 
Buffer i _ 


: oo 7 
Decoderr> 


DALo - DALis A116 - A23 Control 


Ais - A23 


DALo - DAL15 


05698D-005A 


Figure 1-1. LANCE/CPU Interfacing — Multiplexed Bus 
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Figure 1-2. LANCE/CPU Interfacing—Demultiplexed Bus 


During initialization, the CPU loads the starting address 
of the initialization block into two internal control regis- 
ters. The LANCE has four internal contro! and status 
registers (CSRo, 1, 2,3) which are used for various func- 
tions, such as the loading of the initialization block ad- 
dress, different programming modes and status condi- 
tions. The host processor communicates with the 
LANCE during the initialization phase, for demand 
transmission, and periodically to read the status bits fol- 
lowing interrupts. All other transfers to and from the 
memory are automatically handled as DMA. 


Interrupts to the microprocessor are generated by the 
LANCE upon: 1) completion of its initialization routine, 
2) the reception of a packet, 3) the transmission of a 
packet, 4) transmitter timeout error, 5) a missed packet 
and 6) memory error. 


The cause of the interrupt is ascertained by reading 
CSRo. Bit (06) of CSRo, (INEA), enables or disables in- 
terrupts to the microprocessor. In systems where polling 
is used in place of interrupts, bit (07) of CSRo, (INTR), 
indicates an interrupt Condition. 


The basic operation of the LANCE consists of two dis- 
tinct modes: transmit and receive. Inthe transmit mode, 
the LANCE chip directly accesses data (in a transmit 
buffer) in memory. It prefaces the data with a preamble, 
sync pattern, and calculates and appends a 32-bit CRC. 
On transmission, the first byte of data loads into the 
48-byte FIFO. The LANCE then begins to transmit pre- 
amble while simultaneously loading the rest of the 
packet into FIFO for transmission. 


In the receive mode, packets are sent via the Am7992B 
SIA to the LANCE. The packets are loaded into the 
48-byte FIFO for preparation of automatic downloading 
into buffer memory. A CRC is calculated and compared 
with the CRC appended to the data packet. If the calcu- 
lated CRC checksum doesn’t agree with the packet 
CRC, an error bit is set. 


Addressing 


Packets can be received using 3 different destination 
addressing schemes: physical, logical and promiscu- 
OUS. 


The first type is a full comparison of the 48-bit destina- 
tion address in the packet with the node address that 
was programmed into the LANCE during an initialization 
cycle. There are two types of logical address. One is 
group type mask where the 48-bit address in the packet 
is put through a hash filter to map the 48-bit physical ad- 
dresses into 1 of 64 logical groups. If any of these 64 
groups have been preselected as the logical address, 
then the 48-bit address is stored in main memory. At this 
time, a look up is performed by the host computer com- 
paring the 48-bit incoming address with the pre-stored 
48-bit logical address. This mode can be useful if send- 
ing packets to all of a particular type of device simultane- 
ously (i.e., send a packet to all file servers or all printer 
servers). Additional details on logical addressing can be 
found inthe INITIALIZATION section under “Logical Ad- 
dress Filter’. The second logical address is a broadcast 
address where all nodes on the network receive the 
packet. The last receive mode of operation is the so- 
called “promiscuous mode” in which a node will accept 
all packets on the coax regardless of their destination 
address. 


Collision Detection and Implementation 


The Ethernet CSMA/CD network access algorithm is 
implemented completely within the LANCE. In addition 
to listening for aclear coax before transmitting, Ethernet 
handles collisions in a predetermined way. Should two 
transmitters attempt to seize the coax at the same time, 
they will collide and the data on the coax will be garbled. 
The transmitting nodes listen while they transmit, detect 
the collision, then continue to transmit for a predeter- 
mined length of time to “jam” the network and ensure 
that all nodes have recognized the collision. The trans- 
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mitting nodes then delay a random amount of time ac- 
cording to the Ethernet “truncated binary backoff” algo- 
rithm in order that the colliding nodes don't try to 
repeatedly access the network at the same time. Up to 
16 attempts to access the network are made by the 
LANCE before reporting back an error due to excessive 
collisions. 


Error Reporting and Diagnostics 


Extensive error reporting is provided by the LANCE. 
Error conditions reported relate either to the network as 
a whole or to data packets. Network-related errors are 
recorded as flags in the CSRs and are examined by the 
CPU following interrupt. Packet-related errors are writ- 
ten into descriptor entries corresponding to the packet. 


System errors include: 


m@ Babbling Transmitter 


— Transmitter attempting to transmit more 
than 1518 data bytes. 


m@ Collision 

— Collision detection circuitry nonfunctional 
m@ Missed Packet 

— Insufficient buffer space 
= Memory timeout 

— Memory response failure 


Packet-related errors: 


m CRC 

— Invalid data 
@ Framing 

— Packet did not end on a byte boundary 
m@ Overflow/Underflow 


— Indicates abnormal latency in servicing 
a DMA request 


@ Buffer 
— Insufficient buffer space available 


The LANCE performs several diagnostic routines which 
enhance the reliability and integrity of the system. These 
include a CRC logic check and two loop back modes (in- 
ternal/external). Errors may be introduced into the sys- 
tem to check error detection logic. A Time Domain 
Reflectometer is incorporated into the LANCE to aid 
system designers locate faults in the Ethernet cable. 
Shorts and opens manifest themselves in reflections 
which are sensed by the TDR. 
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Figure 2-1. LANCE/Processor Memory Interface 
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LANCE CSR Reaisters Receive Descriptor Rings 


Pointer to Initialization Block 


Address of Receive Buffer 1 | 
Buffer 1 Status 

Buffer 1 Byte Count 

Buffer 1 Message Count 


Initialization 
Block 


Mode of Operation 


Physical Address 


Logical Address Filter 


Number of Receive Envies (| 


Transmit Descriptor Rings 


Receive Buffer 


Data 
Packet 


Transmit Buffer 


Buffer Management 


A key feature of the LANCE and its on-board DMA chan- 
nel is the flexibility and speed of communication 
between the LANCE and the host microprocessor 
through common memory locations. The basic organi- 
zation of the buffer management is a circular queue of 
tasks in memory called descriptor rings as shown in 
Figures 2-1 & 2-2. There are separate descriptor rings to 
describe transmit and receive operations. Up to 128 
tasks may be queued up on a descriptor ring awaiting 
execution by the LANCE. Each entry ina descriptor ring 
holds a pointer to a data memory buffer and an entry for 
the length of the data buffer. Data buffers can be 
chained or cascaded to handle a long packet in multiple 


data buffer areas. The LANCE searches the descriptor 


rings in a “lookahead” manner to determine the next 
empty buffer in order to chain buffers together or to han- 
dle back-to-back packets. As each buffer is filled, the 
“own” bit is reset, allowing the host processor to process 
the data in the buffer. 


LANCE Interface 


CSR bits such as ACON, BCON and BSWP are used for 
programming the pin functions used for different inter- 


S| ne annee, Data 
ca Address of Transmit Buffer 1 Packet 
Buffer 1 Status | 
Buffer 1 Byte Count Data 
Buffer 1 Error Status Packet 
2 
: 
a Sa 
Es | eee Data 
See | eee Packet 
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facing schemes. For example, ACON is used to pro- 
gram the polarity of the Address Strobe signal (ALE/AS). 


BCON is used for programming the pins, for handling 
either the BYTE/WORD method for addressing word or- 
ganized, byte addressable memories where the BYTE 
signal is decoded along with the least significant ad- 
dress bit to determine upper or lower byte, or an explicit 


' scheme in which two signals labeled as BYTE MASK 


(BMo and BM;) indicate which byte is addressed. When 
the BYTE scheme is chosen, the BM; pin can be used 
for performing the function BUSAKO. 


BCON is also used to program pins for different DMA 
modes. In a daisy chain DMA scheme, 3 signals are 
used (BUSRQ, HLDA, BUSAKO). In systems using a 
DMA controller for arbitration, only HOLD and HLDA are 
used. 


LANCE in Bus Slave Mode 


The LANCE enters the Bus Slave Mode whenever CS 
becomes active. This mode must be entered whenever 
writing or reading the four status control registers 


(CSRo, CSR:, CSR2, and CSRs) and the Register 
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CS, READ, DAS, ADR and DAL <15:00> must remain 


Address Pointer (RAP). RAP and CSRo may be read or 
written to at anytime, but the LANCE must be stopped 
(by setting the stop bit in CSRo) for CSR:, CSRe, and 
CSRs access. 


Read Sequence (Slave Mode) 


At the beginning of a read cycle, CS, READ, and DAS 
are asserted. ADR also must be valid at this time. (If 
ADR is a “1”, the contents of RAP are placed onthe DAL 
lines. Otherwise the contents of the CSR register ad- 
dressed by RAP are placed on the DAL lines.) After the 
data on the DAL lines become valid, the LANCE asserts 
READY. CS, READ, DAS, and ADR must remain stable 
throughout the cycle. Refer to Figure 3. 


Write Sequence (Slave Mode) 


This cycle is similar to the read cycle, except that during 
this cycle, READ is not asserted (READ is LOW). The 
DAL buffers are tristated which configures these lines as 
inputs. The assertion of READY by LANCE indicates to 
the memory device that the data on the DAL lines have 
been stored by LANCE in its appropriate CSR register. 
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stable throughout the write cycle. Refer to Figure 4. 


Note: 


Timing parameter 62 does not apply in a slave write cy- 
cle that sets the STOP bit in CSRo. Setting this bit gener- 
ates a LANCE reset, which causes ail bus control output 
signals (including READY) to start floating about 100 
nsec. after READY goes active. If DAS and CS are held 
active for more than 400 nsec. after READY start to float, 
the LANCE can start a second slave cycle. DAS andCS 
should be deasserted within 400 nsec. after READY 
starts to float to prevent this second slave cycle from 
happening. 


LANCE in Bus Master Mode 


All data transfers from the LANCE in the bus Master 
mode are timed by ALE, DAS, and READY. The auto- 
matic adjustment of the LANCE cycle by the READY sig- 
nal allows synchronization with variable cycle time 
memory due either to memory refresh or to dual port ac- 
cess. Bus cycles are a minimum of 600 ns in length and 
can be increased in 100 ns increments. 


READ DATA 


rn 


rN 


1. There are two types of delays which depend on which internal register is accessed. 


Type 1 refers to access of CSRo, CSR3 and RAP. 


Type 2 refers to access of CSR1 and CSR2 which are longer than Type 1 delay. 
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Figure 3. Bus Slave Read Timing 
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Read Sequence (Master Mode) 


The read cycle is begun by valid addresses being placed 
on DALoo — DALis and Ais — A23. The BYTE MASK sig- 
nals are asserted to indicate a word, upper byte or lower 
byte memory reference. READ indicates the type of cy- 
cle. ALE or AS are pulsed, and the trailing edge of either 
canbe used to latch addresses. DALoo— DAL15go intoa 
3-state mode, and DAS falls LOW to signal the begin- 
ning of the memory access. The memory responds by 
placing READY LOW to indicate that the DAL lines have 


KORN 


DALo — DAL15 
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(OUTPUT 
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~ validdata. The LANCE then latches memory data onthe 


rising edge of DAS, which in turn ends the memory cycle 
and READY returns HIGH. Refer to Figure 5-1. 


The bus transceiver controls, DALI and DALO, are used 
to contro! the bus transceivers. DALI directs data toward 
the LANCE, and DALO directs data or addresses away 
fromthe LANCE. During a read cycle, DALO goes inac- 
tive before DALI becomes active to avoid “spiking” of the 
bus transceivers. 


WRITE DATA 
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F igure 4. Bus Slave Write Timing 


Write Sequence (Master Mode) 


The write cycle is similar to the read cycle except thatthe 
DALoo — DAL1s5 lines change from containing addresses 


to data after either ALE or AS goes inactive. After data is 
valid on the bus, DAS goes active. Data to memory is 
held valid after DAS goes inactive. Refer to Figure 5-2. 
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Figure 5-1. Bus Master Read Timing (Single DMA Cycle) 
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Figure 5-2. Bus Master Write Timing (Single DMA Cycle) 
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Note: 


1. RESET is an asynchronous input to the LANCE and is not part of the Bus Acquisition timing. When RESET is asserted, the 
LANCE becomes a Bus Slave. 


Figure 6. Bus Acquisition Timing 


Differences Between Ethernet Versions 1 and 2 Differences Between IEEE 802.3 and Ethernet 

a. IEEE 802.3 specifies a 2-byte length field rather 
than atype field. The length field (802.3) describes 
the actual amount of data in the frame. 

b. IEEE 802.3 allows the use of a PAD field in the data 
section of a frame, while Ethernet specifies the 
minimum packet size at 64 bytes. The use of a PAD 
allows the user to send and receive packets which 


a. Version 2 specifies that the collision detect of the 
transceiver must be activated during the 
interpacket gap time. 


b. Version 2 specifies some network management 
functions, such as reporting the occurrence of 
collisions, retries and deferrals. 


c. Version 2 specifies that when transmission is have less than 46 bytes of data. 
terminated, the differential transmit lines are driven A list of signifcant differences between Ethernet and 
to 0 volt differentially (half step). IEEE 802.3 at the physical layer include the following: 


PE 802.3 


End of Transmission State | Half Step Full Step (Rev 1) or 
Half Step (Rev 2) 


Common Mode Voltage +5.5 V 0-+5V 


Common Mode Current Less thanimA | 1.6 mA+40% 
Receivet, Collision+ 

Input Threshold +160 mV +175 mV 
Fault Protection 16V OV 
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PROGRAMMING 


This section defines the Control and Status Registers 
and the memory data structures required to program the 
Am7990 (LANCE). 


Programming the Am7990 (LANCE) 


The Am7990 (LANCE) is designed to operate in an envi- 
ronment that includes close coupling with local memory 
and microprocessor (HOST). The Am7990 LANCE is 
programmed by a combination of registers and data 
structures resident within the LANCE and memory reg- 
isters. There are four Control and Status Registers 
(CSRs) within the LANCE which are programmed by the 
HOST device. Once enabled, the LANCE has the ability 
to access memory locations to acquire additional oper- 
ating parameters. 


The Am7990 has the ability to do independent buffer 
management as well as transfer data packets to and 
from the Ethernet. There are three memory structures 
accessed by the Chip: 


1. Initialization Block -— 12 words in contiguous 
memory starting on a word boundary. It also 
contains the operating parameters necessary for 
device operation. The _ initialization block is 
comprised of: 

Mm Mode of Operation 
mM PhysicalAddress  _ 
mM Logical Address Mask 
& 


Location to Receive and Transmit Descriptor 
Rings 
m@ Number of Entries in Receive and Transmit 
| Descriptor Rings 
2. Receive and Transmit Descriptor Rings — Two ring 
structures, one each for incoming and outgoing 
packets. Each entry in the rings is 4 words long and 
each entry must start on a quadword boundary. The 
Descriptor Rings are comprised of: 


-F The address of a data buffer 
mM The length of that data buffer 
H@ Status information associated with the buffer 


3. Data Buffers — Contiguous portions of memory 
reserved for packet buffering. Data buffers may 
begin on arbitrary byte boundaries. 


In general, the programming sequence of the LANCE 
may be summarized as: 


1. Program the LANCE’s CSRs by a host device to 
locate an initialization block in memory. The byte 
control, byte address, and address latch enable 
modes are also defined here. 


2. The LANCE loads itself with the information 
contained within the initialization block. 


3. The LANCE accesses the descriptor rings for 
packet handling. 


Control and Status Registers 


There are four Control and Status Registers (CSRs) on 
the chip. The CSRs are accessed through two bus 
addressable ports, an address port (RAP) and a data 
port (RDP). 


Accessing the Control and Status Registers 


The CSRs are read (or written) in a two step operation. 
The address of the CSR to be accessed is written into 
the RAP during a bus slave transaction. During a subse- 
quent bus slave transaction, the data being read from 
(or written into) the RDP is read from (or written into) the 
CSR selected in the RAP. 


Once written, the address in RAP remains unchanged 
until rewritten. 


To distinguish the data port from the address port, a dis- 
crete I/O pin is provided. 


ADR I/O Pin Port 
L Register Data Port (RDP) 
H Register Address Port (RAP) 


Register Data Port (RDP) 


15 ) 
05698D-014A 
Bit Name Description 


15:00 CSRData Writing data into RDP writes the 
data into the CSR selected in 
RAP. Reading the data from the 
RDP reads the data from the 
CSR selected in RAP. CSR:, 
CSRe2 and CSR3 are accessible 


only when the STOP bit of cone 
is set. 

lf the STOP bit is not set while at- 
tempting to access CSRi, CSRe 
or CSRs, the LANCE will return 
READY, but a READ operation 
will return undefined data. 
WRITE operation is ignored. 
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Register Address Port (RAP) 
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Bit Name 
15:02 RES 
01:00 CSR(1:0) 


| L— CSR 1:0 
RES 
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Description 


Reserved. Read as zeroes. Write 
as zeroes. 


CSR address select. READ/ 


WRITE. Selects the CSR to be 
accessed through the RDP. RAP 


is cleared by Bus RESET. 
CSR(1_:0) CSR 

00 CSRo 

01 CSR; 

10 CSRe2 

11 CSR3 


Control and Status Register Definition 


Control and Status Register 0 (CSRo) 


15 0 


ERR 
BABL 
CERR 
MISS 
MERR 
RINT 
TINT 
IDON 


Bit 
15 


INIT 
STRT 
STOP 
TDMD 
TXON 
RXON 
INEA 
INTR 


The LANCE updates CSRo by logical 
“ORing” the previous and present 


value of CSRo. 
05698D-016A 
Name Description 
ERR ERROR summary is set by the 


“ORing” of BABL, CERR, MISS 
and MERR. ERR remains set as 
long as any of the error flags are 
true. 

ERR is read only; writing it has no 
effect. It is cleared by Bus 
RESET, setting the STOP bit, or 
clearing the individual error flags. 


Bit 
14 


13 


12 


Name 


BABL 


CERR 


MISS 
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Description 


BABBLE is a transmitter timeout 
error. It indicates that the trans- 
mitter has been on the channel 
longer than the time required to 
send the maximum length 
packet. 


BABL is a flag which indicates 
excessive length in the transmit 
buffer. It will be set after 1519 
data bytes have been transmit- 
ted; the LANCE will continue to 
transmit until the whole packet is 
transmitted or until there is a fail- 
ure before the whole packet is 
transmitted. When BABL error 
occurs, an interrupt will be gener- 
ated if INEA = 1. 


BABL is READ/CLEAR ONLY 
and is set by the LANCE, and 
Cleared by writing a “1” into the 
bit. Writing a “O” has no effect. It is 
Cleared by RESET or by setting 
the STOP bit. 


COLLISION ERROR indicates 
that the collision input to the 
LANCE failed to activate within 
2us after a LANCE-initiated 
transmission was completed. 
The collision after transmission is 
a transceiver test feature. This 
function is also known as heart- 
beat or SQE (Signal Quality Er- 
ror) test. 


CERR is READ/CLEAR ONLY 
and is set by the LANCE and 
cleared by writing a “1” into the 
bit. Writing a “O” has no effect. It is 
cleared by RESET or by setting 
the STOP bit. CERR error will not 
cause an interrupt to occur (INTR 
= 0). 

MISSED PACKET is set when 
the receiver loses a packet be- 
cause it does not own any re- 
ceive buffer, indicating loss of 
data. 


FIFO overflow is not reported 
because there is no receive ring 
entry in which to write status. 


When MISS is set, an interrupt 
will be generated if INEA = 1. 


MISS is READ/CLEAR ONLY, 
and is set by the LANCE and 
cleared by writing a “1” into the 
bit. Writing a “O” has no effect. Itis 
cleared by RESET or by setting 
the STOP bit. 
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10 


09 


08 


RINT 


TINT 


IDON 


Description 


MEMORY ERROR is set when 
the LANCE is the Bus Master and 
has not received READY within 
25.6 us after asserting the ad- 
dress on the DAL lines. 

When a Memory Error is de- 
tected, the receiver and transmit- 
ter are turned off (CSRo, TXON = 
0, RXON = 0) and an interrupt is 
generated if INEA = 1. 

MERR is READ/CLEAR ONLY, 
and is set by the LANCE and 
Cleared by writing a “1” into the 
bit. Writing a “0” has no effect. Itis 
cleared by RESET or by setting 
the STOP bit. — 

RECEIVER INTERRUPT is set 
when the LANCE updates an en- 
try in the Receive Descriptor 
Ring for the last buffer received 
or reception is stopped due to a 
failure. — 

When RINT is set, an interrupt is 
generated if INEA = 1. 


RINT is READ/CLEAR ONLY, 
and is set by the LANCE and 
cleared by writing a “1” into the 
bit. Writing a “O” has no effect. It 
is cleared by RESET or by setting 
the STOP bit. 


TRANSMITTER INTERRUPT is 
set when the LANCE updates an 
entry in the transmit descriptor 
ring for the last buffer sent or 
transmission is stopped due to a 
failure. 

When TINT is set, an interrupt is 
generated if INEA = 1. 


TINT is READ/CLEAR ONLY 
and is set by the LANCE and 
cleared by writing a “1” into the 
bit. Writing a “0” has no effect. Itis 
cleared by RESET or by setting 
the STOP bit. 

INITIALIZATION DONE _ indi- 
cates that the LANCE has com- 
pleted the initialization procedure 
started by setting the INIT bit. 
When IDON is set, the LANCE 
has read the Initialization Block 
from memory and stored the new 
parameters. 


When IDON is set, an interrupt is 
generated if INEA = 1. 


Bit 


07 


06 


05 


04 


Name 


INTR 


INEA 


RXON 


TXON 


Description 


IDON is READ/CLEAR ONLY, 
and is set by the LANCE and 
cleared by writing a “1” into the 
bit. Writing a “O” has no effect. Itis 
cleared by RESET or by setting 
the STOP bit. 

INTERRUPT FLAG is set by the 
“ORing” of BABL, MISS, MERR, 
RINT, TINT and IDON. If INEA = 
1 and INTR = 1, the INTR pin will 


be LOW. 


INTR is READ ONLY; writing this 
bit has no effect. INTR is cleared 
by RESET, by setting the STOP 
bit, or by clearing the condition 
Causing the interrupt. 
INTERRUPT ENABLE allows 
the INTR pin to be driven LOW 
when the Interrupt Flag is set. If 
INEA = 1 andINTR = 1, the INTR 
pin will be Low. If INEA = 0, the 
INTR pin will be HIGH, regard- 
less of the state of the Interrupt 
Flag. 

INEA is READ/WRITE and 
cleared by RESET or by setting 
the STOP bit. 

INEA cannot be set while STOP 
bit is set. INEA can be set in par- 
allel or after INIT and/or STRT bit 
are Set. 


RECEIVER ON indicates thatthe 
receiver is enabled. RXON is set 
when STRT is set if DRX = 0 in 
the MODE register in the initiali- 
zation block and the initialization 
block has been read by the 
LANCE by setting the INIT bit. 
RXON. is cleared when IDON is 
set from setting the INIT bit and 
DRX = 1 inthe MODE register, or 
a memory error (MERR) has oc- 
curred. RXON is READ ONLY; 
writing this bit has no _ etfect. 
RXON is cleared by RESET or by 
setting the STOP bit. 
TRANSMITTER ON_ indicates 
that the transmitter is enabled. 
TXON is set when STRT is set if 
DTX = 0 inthe MODE register in 
the initialization block and the 
INIT bit has been set. TXON is 
cleared when IDON is set and 
DTX = 1 inthe MODE register, or 
an error, such as MERR, UFLO 
or BUFF, has occurred during 
transmission. 


1-22 


Am7990 


Bit 


03 


02 


01 


Name 


TDMD 


STOP 


STRT 


Description 


TXON is READ ONLY; writing 
this bit has no effect. TXON is 
cleared by RESET or by setting 
the STOP bit. 


TRANSMIT DEMAND, when set, 
causes the LANCE to access the 
Transmit Descriptor Ring without 
waiting for the politime interval to 
elapse. TDMD need not be set to 
transmit a packet; it merely has- 
tens the LANCE’s response to a 
Transmit Descriptor Ring entry 
insertion by the host. 


TDMD is WRITE WITH ONE 
ONLY and is cleared by the 
microcode after it is used. It may 
read as a “1” fora short time after 
it is written because’ the 
microcode may have been busy 
when TDMD was set. It is also 
cleared by RESET or by setting 
the STOP bit. Writing a “0” in this 
bit has no effect. 


STOP disables the LANCE from 
all external activity when set and 
clears the internal logic. Setting 
STOP is the equivalent of assert- 
ing RESET. The LANCE remains 
inactive and STOP remains set 
untilthe STRT or INIT bit is set. If 
STRT, INIT and STOP are all set 
together, STOP will override the 
other bits and only STOP will be 
set. 


STOP is READ/WRITE WITH 
ONE ONLY and set by RESET. 
Writing a “O” to this bit has no ef- 
fect. STOP is cleared by setting 
either INIT or STRT. CSR, 


CSR2, and CSR3 must be re- 
loaded when the STOP bit is set. 


START enables the LANCE to 
send and receive packets, per- 
form direct memory access, and 
do buffer management. The 
STOP bit must be set prior to set- 
ting the STRT bit. Setting STRT 
clears the STOP bit. 


Bit Name 


00 INIT 
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Description 


STRT is READ/WRITE and is set 
with one only. Writing a “0” into 
this bit has no effect. STRT is 
cleared by RESET or by setting 
the STOP bit. 


INITIALIZE, when set, causes 
the LANCE to begin the initializa- 
tion procedure and access the In- 
itialization Block. The STOP bit 
must be set prior to setting the 
INIT bit. Setting INIT clears the 
STOP bit. 


INIT is READ/WRITE WITH “1” 
ONLY. Writing a “0” into this bit 
has no effect. INIT is cleared by 
RESET or by setting the STOP 
bit. 


Since the setting of status bits in 
CSRo is independent of the tim- 
ing of the slave read cycle, it is 
possible for external events to 
cause some of the bits to change 
in the middle of a read cycle. In 
particular the ERR, BABL, 
CERR, MISS, IDON, and INTR 
bits can change during a read cy- 
cle, while MERR, RINT and TINT 
can not. This is not a problem if 
CSRo is read only within the first 
few instructions of an interrupt 
service routine since the events 
that cause these bits to change 
are widely spaced in time relative 
to the time required to execute 
processor instructions. 


Control and Status Register 1 (CSR:) . 


READ/WRITE: 


Accessible only when the STOP 
bit of CSRo is a ONE and RAP = 
01. Content of CSR: is not 
preserved after CSRo s STOP bit 
is set to one. 


1 0 


ee etl ‘0’ 


Pea eee 

IADR 
(15:01) 
05698D-017A 
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Bit Name Description 

15:01 IADR The low order 15 bits of the 
address of the first word (lowest 
address) in the Initialization 
Block. 

00 Must be zero. 


Control and Status Register 2 (CSRz2) 


READ/WRITE: Accessible only when the STOP 
bit of CSRo is a ONE and RAP = 
10. Content of CSRe is not pre- 
served after CSR’s STOP bit is 
set to one. 
15 8 7 0 
oe ee 
| L_ IADR (23:16) 
RES 
05698D-018A 
Bit Name Description 
15:08 RES Reserved. Read as zeroes. Write 
as zeroes. 
07:00 IADR The high order 8 bits of the ad- 


dress of the first word (lowest ad- 
dress) in the initialization Block. 


Control and Status Register 3 (CSRs) 
CSR3 allows redefinition of the Bus Master interface. 


Bit Name 


15:03 RES 


Description 


Reserved. Read as zeroes. Write 
as zeroes. 


BYTE SWAP allows the chip to 
operate in systems that consider 
bits (15:08) of data to be pointed 
at an even address and bits 
(07:00) to be pointed at an odd 
address. 


When BSWP = 1, the LANCE will 
swap the high and low bytes on 
DMA data transfers between the 
FIFO and bus memory. Only data 
from FIFO transfers is swapped; 
the Initialization Block data and 
the Descriptor Ring entries are 
NOT swapped. 

BSWP is READ/WRITE and 
cleared by RESET or by setting 
the STOP bit in CSRo. 


ALE CONTROL defines the as- 
sertive state of ALE when the 
LANCE is a Bus Master. ACON is 
READ/WRITE and cleared by 
RESET and by setting the STOP 


02 BSWP 


01 ACON 


bit in CSRo. 
ACON ALE 
0 Asserted HIGH 
1 Asserted LOW 


‘When ALE is programmed to be asserted LOW, a nega- 


tive going pulse of less than 10 ns. duration can occur at 


READ/WRITE: Accessible only when the STOP —_— the end of a bus master cycle just after HOLD is 
bit of CSRo is ONE and RAP = 11. deasserted. 
Sone: Cealed oy ieee Ohya BCON BYTE CONTROL redefines the 
setting the STOP bit in CSRo. Byte Mask and Hold VO pins. 
15 3.2 -1..0 BCON is READ/WRITE and 
cleared by RESET or by setting 
the STOP bit in CSRo. 
ae BCON BCON Pinié Pini5 Pin17 
ACON 0 BM: BMo HOLD 
BSWP | 1 BUSAKO BYTE BUSRQ 
RES All data transfers from the LANCE in the Bus Master 
05698D-019A mode are in words. However, the LANCE can handle 
odd address boundaries and/or packets with an odd 
number of bytes. 
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Initialization 


initialization Block 


Chip initialization includes the reading of the initializa- 
tion block in memory to obtain the operating parame- 
ters. The following is a definition of the Initialization 
Block. 


The Initialization Block is read by the LANCE when the 


INIT bit in CSRo is set. The INIT bit should be set before 
or concurrent with the STRT bit to insure proper pa- 
rameter initialization and chip operation. After the 
LANCE has read the Initialization Block, IDON is set in 


CSRo and an interrupt is generated if INEA = 1. 
Higher Address TLEN-TDR (23:16) IADR +22 


TDRA (15:00) IADR +20 
RLEN-RDRA (23:16) IADR +18 


RDRA (15:00) IADR +16 

LADRF (63:48) IADR +14 

LADRF (47:32) IADR +12 

LADRF (31:16) IADR +10 

LADRF (15:00) IADR +08 

PADR (47:32) IADR +06 

PADR (31:16) IADR +04 

PADR (15:00) IADR +02 

Base Address of Block MODE IADR +00 


Mode 


The Mode Register allows alteration of the LANCE’s op- 
erating parameters. Normal operation is with the Mode 
Register clear. 


765 43 210 


15 14 & 


—— DRX 
DTX 
LOOP 
DTCR 
COLL 
DRTY 
INTL 
RES 
PROM 
05698D-020A 
Bit Name Description 
15 PROM PROMISCUOUS mode. When 
PROM = 1, all incoming packets 
are accepted. 
14:07 RES RESERVED. Read as zeroes. 


Write as zeroes. 


Bit 
06 


05 
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Name 


INTL 


DRTY 


AMD al 


Description 


INTERNAL LOOPBACK is used 
with the LOOP bit to determine 
where the loopback is to be done. 
Internal loopback allows the chip 
to receive its own transmitted 
packet. Since this represents full 
duplex operation, the packet size 
is limited to 8-32 bytes. Internal 
loopback in the LANCE is opera- 
tional when the packets are ad- 
dressed to the node itself. 


The Lance will not receive any 
packets externally when it is in in- 
ternal loopback mode. 


EXTERNAL LOOPBACK allows 
the LANCE to transmit a packet 
through the SIA transceiver ca- 
ble out to the Ethernet coax. It is 
used to determine the operability 
of all circuitry and connections 
between the LANCE and the co- 
axial cable. Multicast addressing 
in external loopback is valid only 
when DTCR = 1 (user needs to 
append the 4 bytes CRC). 


In external loopback, the LANCE 
also receives packets from other 
nodes. The FIFO READ/WRITE 
pointers may misalign in the 
LANCE under heavy traffic. The 
packet could then be corrupted or 
not received. Therefore, the ex- 
ternal loopback execution may 
need to be repeated. See specific 
discussion under “Loopback” in 
later section. 


INTL is only valid if LOOP = 1; 
otherwise, it is ignored. 


LOOP INTL LOOPBACK 
0 X No loopback, 
normal 
1 0 External 
1 1 Internal 
DISABLE RETRY. When 


DRTY = 1, the LANCE will at- 
tempt only one transmission of a 
packet. If there is a collision on 
the first transmission attempt, a 
Retry Error (RTRY) will be re- 
ported in Transmit Message 


Descriptor 3 (TMDs). 
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Bit 


04 


03 


02 


Name 


COLL 


DTCR 


LOOP 


Description 


FORCE COLLISION. This bit al- 
lows the collision logic to be 
tested. The LANCE must be in in- 
ternal loopback mode for COLL 
to be valid. If COLL = 1, acollision 
will be forced during the subse- 
quent transmission attempt. This 
will result in 16 total transmission 


attempts with a retry error re- — 


ported in TMDs. 


DISABLE TRANSMIT CRC. 
When DTCR = 0, the transmitter 
will generate and append a CRC 
to the transmitted packet. When 
DTCR = 1, the CRC logic is allo- 
cated to the receiver and no CRC 
is generated and sent with the 
transmitted packet. 


During loopback, DTCR = 0 will 
cause a CRC to be generated on 
the transmitted packet, but no 
CRC check will be done by the 
receiver since the CRC logic is 
shared and cannot generate and 
check CRC at the same time. 
The generated CRC will be writ- 
ten into memory with the data 
and can be checked by the host 
software. 


lf DTCR = 1 during loopback, the 
host software must append a 
CRC value to the transmit data. 


The receiver will check the CRC 
on the received data and report 
any errors. 


LOOPBACK allows the LANCE 
to operate in full duplex mode for 
test purposes. The packet size is 
limited to 8-32 bytes.The re- 
ceived packet can be up to 36 
bytes (32 + 4 bytes CRC) when 
DTCR = 0. During loopback, the 
runt packet filter is disabled be- 
cause the maximum packet is 
forced to be smaller than the 
minimum size Ethernet packet 
(64 bytes). 

LOOP = 1 allows simultaneous 
transmission and reception for a 
message constrained to fit within 
the FIFO. The LANCE waits until 
the entire message is in the FIFO 
before serial transmission be- 
gins. The incoming data stream 
fills the FIFO from behind as it is 
being emptied. Moving the re- 
ceived message out of the FIFO 
to memory does not begin until 
reception has ceased. 


Bit Name 


Bit Name 


Description 


In loopback mode, transmit data 
chaining is not possible. Receive 
data chaining is possible if re- 
ceive buffers are 32 bytes long to 
allow time for lookahead. 


DISABLE THE TRANSMITTER 
causes the LANCE to not access 
the Transmitter Descriptor Ring, 
and therefore, no transmissions 
are attempted. DTX = 1 will clear 
the TXON bit in CSRo when in- 
itialization is complete. 
DISABLE THE RECEIVER 
causes the LANCE to reject all in- 
coming packets and not access 
the Receive Descriptor Ring. 
DRX = 1 will clear the RXON bit in 
the CSRo when initialization is 
complete. 


47 10 


01 DTX 


00 DRX 


Sa a 
0 
L___ BADR (47:01) 


05698D-021A 


47:00 PADR PHYSICAL ADDRESS is the 
unique 48-bit physical address 
assigned to the LANCE. PADR 


(0) must be zero. 


Logical Address Filter 
63 0 


. LADRF 


05698D-022A 


Description 

63:00 LADRF The 64-bit mask used by the 
LANCE to accept logical 
addresses. 


The purpose of logical (or group or multicast) addresses 
is to allow a group of nodes in a network to receive the 
same message. Each node can maintain a list of multi- 
cast addresses that it will respond to. The logical ad- 
dress filter mechanism in the LANCE is a hardware aide 
that reduces the average amount of host computer time 
required to determine whether or not an incoming 
packet with a multicast destination address should be 
accepted. 


The logical address filter hardware is an implementation 
of a hash code searching technique commonly used by 
software programmers. If the multicast bit of the desti- 
nation address of an incoming packet is set, the hard- 
ware maps this address into one of 64 categories which 
correspond to 64 bits in the Logical Address Filter Reg- 
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ister. The hardware then accepts or rejects the packet 
depending on the state of the bit in the Logical Address 
Filter Register which corresponds to the selected cate- 
gory. For example, if the address maps into category 24, 
and bit 24 of the logical address filter register is set, the 
packet is accepted. 


Anode canbe made a member of several groups by set- 
ting the appropriate bits in the logical address filter 
register. 


The details of the hardware mapping algorithm are as 
follows: 


If the first bit of an incoming address is a “1” [PADR (0) 
=1], the address is deemed logical and is passed 
through the logical address filter. 


The logical address filter is a 64-bit mask composed of 
four sixteen-bit registers, LADRF (63:00) in the initiali- 
zation block, that is used to accept incoming Logical Ad- 
dresses. The incoming address is sent through the CRC 
Circuit. After all 48 bits of the address have gone through 
the CRC circuit, the high order 6 bits of the resultant 
CRC (32-bit CRC) are strobed into a register. This regis- 
ter is used to select one of the 64-bit positions in the 
Logical Address Filter. If the selected filter bit is a “1”, the 
address is accepted and the packet will be put in mem- 
ory. The logical address filter only assures that there is a 
possibility that the incoming logical address belongs to 
the node. To determine if it belongs to the node, the in- 
coming logical address that is stored in main memory is 
compared by software to the list of logical addresses to 
be accepted by this node. 


The task of mapping a logical address to one of 64-bit 
positions requires a simple computer program (See Ap- 
pendix A) which uses the same CRC algorithm (used in 
LANCE and defined per Ethernet) to calculate the 
HASH (see Figure 7). 


Driver software that manages a list of multicast ad- 
dresses can work as follows. First the multicast address 
list and the logical address filter must be initialized. 
Some sort of management function such as the driver 
initialization routine passes to the driver a list of ad- 
dresses. For each address in the list the driver uses a 
subroutine similar to the one listed in the appendix to set 
the appropriate bit in a software copy of the logical ad- 
dress filter register. When the complete list of addresses 
has been processed, the register is loaded. 


Later, when a packet is received, the driver first looks at 
the Individual/Group bit of the destination address of the 
packet to find out whether or not this is a multicast ad- 
dress. If it is, the driver must search the multicast ad- 
dress list to see if this address is in the list. If it is not in 
the list, the packet is discarded. 


The Broadcast address, which consists of all ones is a 
special multicast address. Packets addressed to the 
broadcast address must be received by all nodes. Since 
broadcast packets are usually more common than other 
multicast packets, the broadcast address should be the 
first address in the multicast address list. 


AMD cl 


The Broadcast address does not go through the Logical 
Address Filter and is always enabled. If the Logical Ad- 
dress Filter is loaded with all zeroes, all incoming logical 
addresses except broadcast will be rejected. The multi- 
cast addressing in external loopback is operational only 
when DTCR in the mode register is set to 1. 


32 Bit Resultant CRC 
31 26 0 


Destination 
Address 


47 Logical Address 
Filter 
63 


Match* 


*Match - 1, the packet is accepted 
Match - 0, the packet is rejected 


05698D-023A 


Figure 7. Logical Address Filter Operation 


Receive Descriptor Ring Pointer 
312928 24 23 320 


| LL pes 000 ‘(Quadword 
RLEN Boundary) 
RDRA (23:03) 
05698D-024A 


Bit Name Description 
31:29 RLEN RECEIVE RING LENGTH is the 
number of entries in the receive 
ring expressed as a power of two. 
RLEN Number 
of Entries 
0 1 
1 2 
2 4 
3 8 
4 16 
5 32 
6 64 
vi 128 
28:24 RES RESERVED. Read as zeroes. 
Write as zeroes. 
23:03 RDRA RECEIVE DESCRIPTOR RING 


ADDRESS is the base address 
(lowest address) of the Receive. 
Descriptor Ring. 
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Description 


The location of the descriptor rings and their length are 


MUST BE ZEROES. These bits 
are RDRA (02:00) and must be 
zeroes because the Receive 
Rings are aligned on quadword 
boundaries. 

Transmit Descriptor Ring Pointer 


312928 24 23 3 320 


eos RES 000 ‘(Quadword 
| TLEN Boundary) 


TDRA (23:03) 
| 05698D-025A 

Bit Name Description 

31:29 TLEN TRANSMIT RING LENGTH is 
the number of entries in the 
Transmit Ring expressed as a 
power of two. 

Number 
‘TLEN of Entries 
0 1 
1 2 
2 4 
3 8 
4 16 
5 32 
6 64 
L 128 

28:24 RES RESERVED. Read as zeroes. 
Write as zeroes. 

23:03 TDRA TRANSMIT DESCRIPTOR 
RING ADDRESS is the base ad- 
dress (lowest address) of the 
Transmit Descriptor Ring. 

02:00 MUST BE ZEROES. These bits 


are TDRA (02:00) and must be 
zeroes because the Transmit 
Rings are aligned on quadword 
boundaries. 


Buffer Management - 


Buffer Management is accomplished through message 
descriptors organized in ring structures in memory. 
Each message descriptor entry is four words long. 
There are two rings allocated for the device: a Receive 
ring and a Transmit ring. The device is capable of polling 
each ring for buffers to either empty or fill with packets to 
or from the channel. The device is also capable of enter- 
ing status information in the descriptor entry. LANCE 
polling is limited to looking one ahead of the descriptor 
entry the LANCE is currently working with. 


found in the initialization block, accessed during the in- 
itialization procedure by the LANCE. Writing a “ONE” 
into the STRT bit of CSRo will cause the LANCE to start 
accessing the descriptor rings and enable it to send and 
receive packets. 


The LANCE communicates with a HOST device through 
the ring structures in memory. Each entry in the ring is 
either owned by the LANCE or the HOST. There is an 
ownership bit (OWN) in the message descriptor entry. 
Mutual exclusion is accomplished by a protocol which 
states that each device can only relinquish ownership of 
the descriptor entry to the other device; it can never take 
ownership, and no device can change the state of any 
field in any entry after it has relinquished ownership. 


Descriptor Ring 


Each descriptor in a ring in memory is a 4-word entry. 
The following is the format of the receive and the trans- 
mit descriptors. 


Receive Message Descriptor Entry 


Receive Message Descriptor 0 (RMDo) 
15 0 


LADR 


05698D-026A 
Bit Name 
15:00 


Description 


The LOW ORDER 16 address 

— bits of the buffer pointed to by this 
descriptor. LADR is written by the 
host and is not changed by the 
LANCE. 


LADR 


Receive Message Descriptor 1 (RMD;) 
15 7 0 
| > 'HADR 
ENP 
— STP 
BUFF 
CRC 
OFLO 
FRAM 


ERR 


OWN 
05698D-027A 
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Bit Name Description Bit Name Description 
15 OWN This bit indicates that the de- If a Buffer Error occurs, an Over- 
scriptor entry is owned by the flow Error may also occur inter- 
host (OWN = 0) or by the LANCE nally in the FIFO, but will not be 
(OWN = 1). The LANCE clears reported in the descriptor status 
the OWN bit after filling the buffer entry unless both BUFF and 
pointed to by the descriptor entry. OFLO errors occur at the same 
The host sets the OWN bit after time. 
emptying the buffer. Once the — gg STP START OF PACKET indicates 
LANCE or host has relinquished that this is the first buffer used by 
ownership of a buffer, it must not the LANCE for this packet. It is 
change any field inthe four words used for data chaining buffers. 
a ek ial the descriptor 08 ENP END OF P ACKET ” dicates that 
this is the last buffer use the 
14 ERR ERROR summary is the OR of LANCE for this packet. It is pee 
FRAM, OFLO, CRC or BUFF. for data chaining buffers. If both 
13 FRAM FRAMING ERROR _ indicates STP and ENP are set, the packet 
that the incoming packet con- fits into one buffer and there is no 
tained a non-integer multiple of data chaining. 
eight bits and there was a CRC = 97:99 +~=S§ HADR ‘The HIGH ORDER 8 address 
error. Ii there was not a CRC er- bits of the buffer pointed to by this 
ror on the incoming packet. then descriptor. This field is written by 
FRAM will not be set even if there the host and unchanged by the 
was a non-integer multiple of LANCE. 
eight bits in the packet. FRAM is 
not valid in internal loopback Receive Message Descriptor 2 (RMDz2) 
mode. FRAM is valid only when 
ENP is set and OFLO is not. 12 ol : 
12 OFLO OVERFLOW error indicates that 
the receiver has lost all or part of 
the incoming packet due to an in- L—_-.——— 
ability to store the packet in a Lo Bayt 
memory buffer before the inter- 
nal FIFO overflowed. OFLO is Must be Ones 
valid only when ENP is not set. DeeGRD OsRA 
11 CRC CRC indicates that the receiver 
has detected a CRC error on the Bit Name Description 
incoming packet. CRC is valid es 
only when ENP is set and OFLO 15:12 MUST BE ONES. This field is 
is not. written by the host and is not 
10 BUFF | BUFFERERROR Is set anytime changed by Mer nnee 
next buffer while data chaining a length of the buffer pointed to by 
received packet. This can occur this descriptor, expressed as a 
in either of two ways: 1) the OWN two’s complement number. This 
bit of the next buffer is zero, or 2) field is written by the host and is 
FIFO overflow occurred before not changed by the LANCE. Mini- 
the LANCE received the next mum buffer size is 64 bytes for 
STATUS. the first buffer of packet. 
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Receive Message Descriptor 3 (RMDs) | Bit Name 
15 jai , __9 15 OWN 
WSS ee 

| | tL  MCNT 
RES 
05698D-029A 

Bit Name Description 

15:12 RES RESERVED. Read as zeroes. 

Write as zeroes. 
14 ERR 

11:00 MCNT MESSAGE BYTE COUNT is the 


length in bytes of the received 
message. MCNT is valid only 13 RES 
when ERR is clear and ENP is 


set. MCNT is written by the chip 12 MORE 
and cleared by the host. 
Transmit Message Descriptor Ent 
3 ig i 11 ONE 


Transmit Message Descriptor 0 (TMDo) 
15 0 


LADR 10 DEF 


05698D-030A 
Bit Name 


15:00 


Description 


LADR The LOW ORDER 16 address 


bits of the buffer pointed to by this 09 STP 
descriptor. LADR is written by the 

host and is not changed by the 

LANCE. 


Transmit Message Descriptor 1 (TMD;) 
15_ 87 0 
Tiiit tt] 
as 
; | HADR 


we 08 ENP 


STP 
DEF 
ONE 
MORE 
RES 
ERR 


OWN 
05698D-031A 


Description 


This bit indicates that the de- 
scriptor entry is owned by the 
host (OWN = O) orby the LANCE 
(OWN = 1). The host sets the 
OWN bit after filling the buffer 
pointed to by this descriptor. The 
LANCE clears the OWN bit after 
transmitting the contents of the 
buffer. Neither the host nor the 
LANCE may alter a descriptor 
entry after it has relinquished 
ownership. 


ERROR summary is the “OR” of 
LCOL, LCAR, UFLO or RTRY. 


RESERVED bit. The LANCE will 
write this bit with a “0”. 


MORE indicates that more than 
one retry was needed to transmit 
a packet. 


ONE indicates that exactly one 
retry was needed to transmit a 
packet. The ONE flag is not valid 
when LCOL is set. 


DEFERRED indicates that the 
LANCE had to defer while trying 
to transmit a packet. This condi- 
tion occurs if the channel is busy 
when the LANCE is ready to 
transmit. 


START OF PACKET indicates 
that this is the first buffer to be 
used by the LANCE for this pack- 
et. It is used for data chaining 
buffers. STP is set by the host 
and is not changed by the 
LANCE. The STP bit must be set 
in the first buffer of the packet, or 
the LANCE will skip over this de- 
scriptor and poll the next descrip- 
tor(s) untilthe OWN and STP bits 
are set. 


END OF PACKET indicates that 
this is the last buffer to be used by 
the LANCE for this packet. It is 
used for data chaining buffers. If 
both STP and ENP are set, the 
packet fits into one buffer and 
there is no data chaining. ENP is 
set by the host and is not 
changed by the LANCE. 
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Bit 
07:00 


Name 


HADR. 


Description 


The HIGH ORDER 8 address 
bits of the buffer pointed to by this 
descriptor. This field is written by 
the host and is not changed by 
the LANCE. 


Transmit Message Descriptor 2 (TMDz) 


15 12 11 0 
LS coo 
| oe BCNT 
ONES 
05698D-032A 
Bit Name Description 
15:12 ONES Must be ones. This field is set by 
the host and is not changed by 
the LANCE. 
11:00 BCNT BUFFER BYTE COUNT is the 


usable length in bytes of the 
buffer pointed to by this descrip- 
tor expressed as a negative two’s 
complement number. This is the 
number of bytes from this buffer 
that will be transmitted by the 
LANCE. This field is written by 
the host and is not changed by 
the LANCE. The first buffer of a 
packet has to be at least 100 
bytes minimum when data 
chaining and 64 byte (DTCR = 1) 
or 60 bytes (DCTR = 0) when not 
data chaining. 


Transmit Message Descriptor 3 (TMDs) 


15 ua 0 


beter TR 
RTRY 
LCAR 
LCOL 
RES 
UFLO 


BUFF 
05698D-033A 


Bit 
15 


14 


13 


12 


11 


10 
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Name 


BUFF 


UFLO 


RES 


LCOL 


LCAR 


RTRY 
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Description 


BUFFER ERROR is set by the 
LANCE during transmission 
when the LANCE does not find 
the ENP flag in the current buffer 
and does not own the next buffer. 
This can occur in either of two 
ways: either the OWN bit of the 
next buffer is zero, or FIFO un- 
derflow occurred before the 
LANCE received the next 
STATUS signal. BUFF is set by 
the LANCE and cleared by the 
host. BUFF error will turn off the 
transmitter (CSRo, TXON = 0). 


lf a Buffer Error occurs, an Un- 
derflow Error will also occur. 
BUFF error is not valid when 
LCOL or RTRY error is set during 
TX data chaining. 


UNDERFLOW ERROR _indi- 
cates that the transmitter has 
truncated a message due to data 
late from memory. UFLO indi- 
cates that the FIFO has emptied 
before the end of the packet was 
reached. 


Upon UFLO error, transmitter is 
turned off (CSRo, TXON = 0). 


RESERVED bit. The LANCE will 
write this bit with a “0.” 


LATE COLLISION indicates that 
a collision has occurred after the 
slot time of the channel has 
elapsed. The LANCE does not 
retry on late collisions. 


LOSS OF CARRIER is set when 
the carrier input (RENA) to the 
LANCE goes false during a 
LANCE-initiated transmission. 
The LANCE does not retry upon 
loss of carrier. It will continue to 
transmit the whole packet until 
done. LCAR is not valid in IN- 
TERNAL LOOPBACK MODE. 


RETRY ERROR indicates that 
the transmitter has failed in 16 at- 
tempts to successfully transmit a 
message due to repeated colli- 
sions onthe medium. If DRTY = 1 
in the MODE register, RTRY will 
set after 1 failed transmission 
attempt. 
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Description 


TIME DOMAIN REFLEC- 
TOMETRY reflects the state of 
an internal LANCE counter that 
counts from the start of a trans- 
mission to the occurrence of a 
collision. This value is useful in 
determining the approximate dis- 
tance to a cable fault. The TDR 
value is written by the LANCE 
and is valid only if RTRY is set. 


Ring Access Mechanism in the LANCE 


Once the LANCE is initialized through the initialization 
block and started, the CPU and the LANCE communi- 
cate via transmit and receive rings, for packet transmis- 
sion and reception. 


There are 2 sets of RAM locations (four 16-bit register 
per set, corresponding to the 4 entries in each descrip- 
tor) in the LANCE. The first set points to the current 
_ buffer, and they are the working registers which are 
used for transferring the data for the packet. The second 
set contains the pointers to the next buffer in the ring 
which the LANCE obtained from the lookahead 
operation. 


There are three types of ring access in the LANCE. The 
first type is when the LANCE polls the rings to own a 
buffer. The second type is when the buffers are data 
chained. The LANCE does a lookahead operation be- 
tween the time that it is transferring data to/from the 
FIFO; this lookahead is done only once. The third type is 
when the LANCE tries to own the next descriptor in the 
ring when it clears the OWN bit for the current buffer. 


Transmit Ring Buffer Management 


When there is no Ethernet activity, the LANCE will auto- 
matically poll the transmit ring inthe memory once it has 
started (CSRo, STRT = 1). This polling occurs every 
1.6 ms, (CSRo TDMD bit = 0) and consists of reading the 
status word of the transmit Ring, TMD;, until the LANCE 
owns the descriptor. The LANCE will read TMDo and 


TMD2z to get the rest of the buffer address and the buffer 
byte count when it owns the descriptor. Each of these 
memory reads is done separately with a new arbitration 
cycle for each transfer. 


If the transmit buffers are data chained (current buffer 
ENP = 0), the LANCE will look ahead to the next descrip- 
tor in the ring while transferring the current buffer into 
the FIFO (see Figure 8-1). The LANCE does this 
lookahead only once. If it does not own the next transmit 
Descriptor Table Entry (DTE) (2nd T, ring for this pack- 
et) it will transmit the current buffer and update the 
status of current Ring with the BUFF and UFLO error 
bits set. If the LANCE owns the 2nd DTE, it will also read 
the buffer address and the buffer byte count of this entry. 
Once the LANCE has finished emptying the current 
buffer, it clears the OWN bit for this buffer, and immedi- 
ately starts loading the FIFO from the next (2nd) buffer. 
Between DMA bursts, starting from the 2nd buffer, the 


LANCE does a lookahead again to check if it owns the 
next (3rd) buffer. This activity goes on until the last 
transmit DTE indicates the end of the packet (TMDy, 
ENP = 1). Once the last part of the packet has been 
transmitted out from the FIFO to the cable, the LANCE 
will update the status in TMD1, TMDs (TMDs is updated 
only when there is an error) and will relinquish the last 
buffer to the CPU. The LANCE tries to own the next 
buffer (first buffer of the next packet), immediately after 
it relinquishes the last buffer of the current packet. This 
guaraniees the back-to-back transmission of the pack- | 
ets. If the LANCE does not own the next buffer, it then 
polls the Tx ring every 1.6 ms. 


When an error occurs before all of the buffers get trans- 
mitted, the status, TMDs , is updated inthe current DTE, 
own bit is cleared in TMD, and TINT bit is set in CSRo 
which causes an interrupt if INEA = 1. The LANCE will 
then skip over the rest of the descriptors for this packet 
(clears the OWN bit and sets the TINT bit in CSRo) until it 
finds a buffer with both the STP and OWN bit being set 
(this indicates the first buffer for the next packet). 


When the transmit buffers are not data chained (current 
descriptor’s ENP = 1), the LANCE will not perform any 


lookahead operation. It will transmit the current buffer, 


update the TMDs if any error, andthen update the status 
and clear the OWN bit in TMD; . The LANCE will then 
immediately check the next descriptor in the ring to see if 
it owns it. If it does, the LANCE will also read the rest of 
the entries from the descriptor table. If the LANCE does 
not own it, it will poll the ring once every 1.6 ms until it 
owns it. User may set the TDMD bit in CSRo when it has 
relinquished a buffer to the LANCE. This will force the 
LANCE to check the OWN bit at this buffer without wait- 
ing for the polling time to elapse. 


Receive Ring Buffer Management 


Receive Ring access is similar to the transmit ring ac- 
cess. Once the receiver is enabled, the LANCE will al- 
ways try to have a receive buffer available, should there 
be apacket addressed to this node for reception. There- 
fore, when the LANCE is idle, it will poll the receive ring 
entry, once every 1.6 ms, until it owns the current 
receive DTE. Once the LANCE owns the buffer, it will 


read RMDo and RMDz to get the rest of buffer address 


_ and buffer byte count. When a packet arrives from the 


cable, after the Address Recognition Logic accepts the 
packet, the LANCE will immediately poll the Receiver 
Ring once for a buffer. If it still does not own the buffer, it 


will set the MISS error in CSRo and will not poll the re- 
ceive ring until the packet ends. 


Assuming the LANCE owns a receive buffer when the 
packet arrives, it will perform a lookahead operation on 
the next DTE between periods when it is dumping the re- 
ceived data from the FIFO to the first receive buffer in 
case the current buffer requires data chaining. When the 
LANCE owns the buffer, the lookahead operation con- 
sists of three separate single word DMA reads: RMD, 
RMDo, and RMDz2. When the LANCE does not own the 


1-32 Am7990 


next buffer, the lookahead operation consists of only 


one single DMA read, RMD;. Either lookahead opera- 
tion is done only once. Following the lookahead 
operation, whether LANCE owns the next buffer or not, 
the LANCE will transfer the data from FIFO to the first 
receive buffer for this packet in burst mode (8 word 
transfer per one DMA cycle arbitration). 


If the packet being received requires data chaining, and 
the LANCE does not own the 2nd DTE, the LANCE will 
update the current buffer status, RMD,, with the BUFF 
and/or OFLO error bits set. If the LANCE does own the 
next buffer (2nd DTE) from previous lookahead, the 
LANCE will relinquish the current buffer and start filling 
up the 2nd buffer for this packet. Between the time that 
the LANCE is transferring data from the FIFO to 2nd 
buffer, it does a lookahead operation again to see if it 
owns the next (3rd) buffer. If the LANCE does own the 
third DTE, it will also read RMDo, and RMD¢2 to get the 
rest of buffer pointer address and buffer byte count. 


This activity continues on until the LANCE recognizes 
the end of the packet (cable is idle); it then updates the 
current buffer status with the end of packet bit (ENP) set. 
The LANCE will also update the message byte count 
(RMDz2 ) with the total number of bytes received for this 
packet in the current buffer (the last buffer for this 
packet). 


i a | Oe oa ae 
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Figure 8-1. Data Chaining (Transmit) 


Receive 
05698D-035A 


Transmit 


Notes: 


1. W, X, Y, Z are the packets queued for transmission. 
2. A,B, C, D are the packets received by the LANCE. 


Figure 8-2. Buffer Management Descriptor Rings 
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LANCE DMA Transfer (Bus Master Mode) 
There are two types of DMA Transfers with the LANCE: 


— Burst mode DMA 
— Single word DMA 


Burst Mode DMA 


Burst DMA is used for Transmission or Reception of the 
Packets, (Read/Write from/to Memory). 


The Burst Transfers are 8 consecutive word reads 
(transmit) or writes (receive) that are done in a single 
bus arbitration cycle. In other words, once the LANCE 
receives the bus acknowledge, (HLDA = LOW), it will do 
8 word transfers (8 DMA cycle, min. at 600 ns per cycle) © 
without releasing the bus request signal (HOLD = 
LOW). If there are more than 16 bytes empty in the 
FIFO, in transmit mode, or at least 16 bytes of data, in 
the FIFO in receive mode, when the LANCE releases 
the bus (HOLD deasserted), the LANCE will request the 
bus again within 700 ns. (HOLD dwelitime). Burst DMAs 
are always 8 cycle transfers unless there are fewer than 
8 words left to be transferred in to/from the SILO. 


Singie Word DMA Transfer 


The LANCE initiates single word DMA transfers to ac- 
cess the transmit, receive rings or initialization block. 
The LANCE will not initiate any burst DMA transfer be- 
tween the time that it gets to own the descriptor, and ac- 
cessing the descriptor entries in the ring (an average of 
3—4 separate DMA cycles for a multibuffer packet) or 
reading the initialization block. 


Bus Latency Requirements 


If the time between HOLD and HLDA is such that three 
consecutive single word DMA transfers can take more 
than 33.5 psec., under certain rather unusual conditions 
the receiver can lock up and stop receiving packets. 
This problem occurs if during the time that the LANCE is 
polling a descriptor ring, a packet addressed to this node 
arrives and causes the FIFO to overflow before the poll- 
ing is complete. 


If the system design can not guarantee a short enough 
bus latency, the problem can be solved by either exter- 
nal hardware or software. For the hardware solution, an 
external circuit could interrupt the processor if fewer 
than 3 DMA transfers occur within 47 usec. after the 
RENA signal goes active. This interrupt would signal 
the software to reset the LANCE by setting the STOP bit 


in CSRo. 


For a software solution a timer interrupt can cause the 
software to reset the LANCE after no packets have been 
received for a certain period of time. The length of this 
time period can vary with the amount of traffic on the net- 
work. When traffic is heavy, the timeout delay should be 
short. When traffic is light, the timeout delay can be 
made longer. 
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FIFO Operation 


The FIFO provides temporary buffer storage for data be- 
ing transferred between the parallel bus I/O pins and 
serial bus I/O pins. The capacity of the FIFO is 48 bytes. 


Transmit 


Data is loaded into the FIFO under internal 
microprogram control. FIFO has to have more than 16 
bytes empty before the LANCE requests the bus (HOLD 
is asserted). The LANCE will start sending the preamble 
(if the line is idle) as soon as the first byte is loaded to the 
FIFO from memory. Should transmitter be required to 
back off, there could be up to 32 bytes of data in the 
FIFO ready for transmission. Reception has priority over 
transmission during the time that the transmitter is back- 
ing off. 


Receive 


Data is loaded into the FIFO from the serial input shift 
register during reception. Data leaves the FIFO under 
microprogram control. The LANCE microcode will wait 
until there are at least 16 bytes of data in the FIFO before 


initiating a DMA burst transfer. Preamble (including the — 


synch) is not loaded into the FIFO. 


FIFO — Memory Byte Alignment 


Memory buffers may begin and end on arbitrary byte 
boundaries. Parallel data is byte aligned between the 


FIFO and DAL lines (DALo—DAL15). Byte alignment can 
be reversed by setting the Byte Swap (BSWP) bit in 
CSRs. 


TRANSMISSION — WORD READ FROM EVEN 
MEMORY ADDRESS 

BSWP=0: FIFOBYTEn gets DAL <07:00> 
FIFO BYTE n+ 1 gets DAL <15:08> 
FIFO BYTE n gets DAL <15:08> 
FIFO BYTE n+ 1 gets DAL <07:00> 


TRANSMISSION — BYTE READ FROM EVEN 
MEMORY ADDRESS 


BSWP=0: FIFOBYTEn gets DAL <07:00> 
BSWP=1: FIFO BYTEn gets DAL <15:08> 


TRANSMISSION — BYTE READ FROM ODD 
MEMORY ADDRESS 


BSWP=0: FIFO BYTE n gets DAL <15:08> 
BSWP=1: FIFO BYTEn gets DAL <07:00> 


RECEPTION — WORD WRITE TO EVEN MEMORY 
ADDRESS 


BSWP=0: DAL <07:00> 
BSWP=1: DAL <15:08> 


BSWP = 1: 


gets FIFO BYTE n 
gets FIFO BYTE n+ 1 


RECEPTION — BYTE WRITE TO EVEN MEMORY 
ADDRESS | 


BSWP=0: DAL <07:00> gets FIFO BYTE n 
DAL <15:08> —don’t care 
BSWP=1: DAL <15:08> gets FIFO BYTE n 


DAL <07:00>-—don’t care 


RECEPTION — BYTE WRITE TO ODD MEMORY 
ADDRESS 


— don't care 


BSWP =0: DAL <07:00> 
DAL <15:08> gets FIFOBYTEn 
BSWP=1: DAL <15:08> — don’t care 
- DAL <07:00> = gets FIFOBYTEn 


The LANCE Recovery and Reinitialization 


The transmitter and receiver section of the LANCE are 
turned on via the initialization block (MODE REG: DRX, 
DTX bits). The state of the transmitter and the receiver 
are monitored through the CSRo register (RXON, TXON 
bits). The LANCE must be reinitialized if the transmitter 
and/or the receiver has not been turned on during the 
Original initialization, and later it is desired to have them 
turned on. Another reason why it may be desirable to re- 
initialize the LANCE, to turn the transmitter and/or re- 
ceiver back on again, is when eithersection shuts off be- 
cause of an error (MERR, UFLO, TX BUFF error). Care 
must be taken when the LANCE is reinitialized. The user 
should rearrange the descriptors in the transmit or re- 
ceive ring prior to reinitialization. This is necessary since 
the transmit and receive descriptor pointers are reset to 
the beginning of the ring upon initialization. 


To reinitialize the LANCE, the user must stop the 
LANCE by setting the stop bit in CSRo prior to 


reinitialization (setting INIT bit in CSRo). The user needs 


to reprogram CSRs because its content gets cleared 
when the stop bit gets set (soft reset). CSRs reprogram- 
ming is not needed when default values BCON, ACON, 
and BSWP are used. CSR; and CSR2 must be reloaded 
after the STOP bit is set. 


It is recommended that the LANCE not be re-started, 
once it has been stopped (STOP = 1 in CSRo), by simply 
setting the STRT bit in CSRo. Re-starting the LANCE by | 
setting the STRT bit puts the LANCE in operation in ac- 
cordance with the parameters set up in the mode regis- 
ter. However, contents of the descriptor pointers in the 
LANCE are not guaranteed upon re-start. 


Frame Formatting 


The LANCE performs the encapsulation/decapsulation 
function of the data link layer (2nd layer of |SO model) as 
follows: 
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Transmit 


In transmit mode, the user must supply the destination 
address, source address, and Type Field (or Length 
Field) as a part of data in transmit data buffer memory. 
The LANCE will append the preamble, synch, and CRC 
(FCS) to the frame as is shown in Figures 9-1 and 9-2. 


Receive 


In receive mode, the LANCE strips off the preamble and 
synch bits and transfers the rest of the frame, including 
the CRC bytes (4 bytes), to the memory. The LANCE will 
discard packets with less than 64 bytes (runt packet) 
and will reuse the receive buffer for the next packet. This 
is the only case where the packet is discarded. A runt 
packet is normally the result of a collision. 


Preamble au Dest. | Source T D 
1010... 1010 ADR | ADR | '¥Pe} Vata 


62 6 46-1500 
Bits i ee Bytes Ee Bytes a 


05698D-036A 
Figure 9-1. Ethernet Frame Format 


Preamble SFD Dest. | Source LLC 
1 


Bits ne Byes Byes pied Bytes Bytes 


46-1500 4 


05698D-037A 
Figure 9-2. IEEE 802.3 MAC Frame Format 


Framing Error (Dribbling Bits) 


The LANCE can handle up to 7 dribbling bits when a re- 
ceived packet terminates; the input to the LANCE, 
RCLK, stops following the deassertion of RENA. During 
the reception, the CRC is generated on every serial bit 
(including the dribbling bits) coming from the cable, and 
it gets stored internally on byte boundary. The framing 
error is reported to the user as follows: 


— If the number of the dribbling bits are 1 to 7 bits 
and there is no CRC error, then there is no 
Framing error (FRAM = 0). 


— If the number of the dribbling bits are less than 8 
and there is a CRC error, then there is also a 
Framing error (FRAM = 1). 


— Ifthe number of the dribbling bits = 0, then there 
is no Framing error. There may or may not be a 
CRC error. 


Interpacket Gap Time (IPG) 


The interpacket gap time for back-to-back transmission 
is 9.6 to 10.6 microseconds, including synchronization. 
The interpacket delay interval begins immediately after 
the negation of the RENA signal. During the first 4.1 us 
of the IPG, RENA activity is masked off internally in the 
LANCE. If RENA is asserted and remains asserted dur- 
ing the first 4.1 us of IPG following a receive, the LANCE 
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will defer to the packet (it will not receive it). If this condi- 
tion occurs following a transmit, the LANCE will start to 
look for the synch bits (011) and about 800 ns (8 bit time) 
after the 4.1 us window has elapsed. Therefore, the 
packet may be received correctly if at least 8 bits of the 
preamble are left following the 4.1 us window, or the re- 
ceived packet may contain CRC error (not enough pre- 
amble bits left, LANCE may be locking to the synch bits 
in the middle of data), or the received packet may be dis- 
carded because of the runt packet filter (some data is 
lost during the 4.1 us window). 


lf RENA is asserted after the 4.1 us window, the LANCE 
will treat this as the start of a new packet. It will start to 
look for the synch bits (011) 8-bit time after RENA be- 
comes active. Whenever the LANCE is about to transmit 
and is waiting for the interpacket delay to elapse, it will 
begin transmission immediately after the interpacket 
delay interval, independent of the state of RENA. How- 
ever, RENA must be asserted during the time that TENA 
is high. The LCAR (loss of carrier) error bit is otherwise 


set in TMDs, after the packet has been transmitted. 


Collision Detection and Collision JAM 


Collisions are detected by monitoring the CLSN pin. If 
CLSN becomes asserted during a frame transmission, 
TENA will remain asserted for at least 32 (but not more 
than 40) additional bit times (including CLSN synchroni- 
zation). This additional transmission after collision is re- 
ferred to as COLLISION JAM. If collision occurs during 
the transmission of the preamble, the LANCE continues 
to sendthe preambie, and sends the JAM pattern follow- 
ing the preamble. If collision occurs after the preamble, 
the LANCE will send the JAM pattern following the 
transmission of the current byte. The JAM pattern is any 
pattern except the CRC bytes. 


Receive Based Collision 


If CLSN becomes asserted during the reception of a 
packet, this reception is immediately terminated. De- 
pending on the timing of COLLISION DETECTION, the 
following will occur. A collision that occurs within 6 byte 
times (4.8 ps) will result in the packet being rejected be- 
cause of an address mismatch with the FlFO write point- 
er being reset. A collision that occurs within 64 byte 
times (51.2 us) will result in the packet being rejected 
since it is a runt packet. A collision that occurs after 
64 byte times (late collision) will result in a truncated 
packet being written to the memory buffer with the CRC 
error bit most likely being set in the Status Word of the 
Receive Ring. Late collision error is not recognized in re- 
ceive mode. 


Transmit Based Collision 


When a transmission attempt has been terminated due 
to the assertion of CLSN, (a collision that occurs within 
64 byte times), the LANCE will attemptto retry it 15 more 
times. The LANCE does not try to reread the descriptor 
entries from the Tx ring upon each collision. The de- 
scriptor entries for the current buffer are internally 
saved. The scheduling of the retransmissions is deter- 
mined by a controlled randomized process called “trun- 
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cated binary exponential backoff.” Upon the negation of 
the COLLISION JAM interval, the LANCE calculates a 
delay before retransmitting. The delay is an integral mul- 
tiple of the SLOT TIME. The SLOT TIME is 512 bit times. 
The number of SLOT TIMES to delay before the nth 
retransmission is chosen as a uniformly distributed ran- 


dom integer in the range: 0< r< 2* where k = min (n, 10). 


If all 16 attempts fail, the LANCE sets the RTRY bit inthe 
current Transmit Message Descriptor 3, TMDs, in mem- 
Ory, gives up ownership (sets the own bit to zero) for this 
packet, and processes the next packet in transmit ring 
for transmission. If there is a late collision (collision oc- 
curring after 64 byte times), the LANCE will not transmit 
again; it will terminate the transmission, note the LCOL 
error in TMDs, and transmit the next packet in the ring. 


Collision — Microcode Interaction 


The microprogram uses the time provided by COLLI- 
SION JAM, INTERPACKET DELAY, and the backoff in- 
terval to restore the address and byte counts internally 
and starts loading the FIFO in anticipation of retransmis- 
sion. It is important that LANCE be ready to transmit 
when the backoff interval elapses to utilize the channel 
properly. 


Time Domain Reflectometry 


The LANCE contains a time domain reflectometry 
counter. The TDR counter is ten bits wide. It counts at a 
10 MHz rate. It is cleared by the microprogram and 
counts upon the assertion of RENA during transmission. 
Counting ceases if CLSN becomes true, or RENA goes 
inactive. The counter does not wrap around; once all 
ONEs are reached in the counter, that value is held until 
cleared. The value in the TDR is written into memory fol- 
lowing the transmission of the packet. TDR is used to 
determine the location of suspected cable faults. 


Heartbeat 


During the interpacket gap time following the negation of 
TENA, the CLSN input is asserted by some transceivers 
as a Self-test. If the CLSN input is not asserted within 
2 us following the completion of transmission, then the 
LANCE will set the CERR bit in CSRo. CERR error will 
not cause an interrupt to occur (INTR = 0). 


Cyclic Redundancy Cheek (CRC) 


The LANCE utilizes the 32-bit CRC function used in the 
Autodin-il network. Refer to the Ethernet specification 
(section 6.2.4 Frame Check Sequence Field and Ap- 
pendix C; CRC Implementation) for more detail. The 
LANCE requirements for the CRC logic are the 
following: 


1. TRANSMISSION — MODE <02> LOOP = 0, MODE 
<03> DTCR = 0. The LANCE calculates the CRC 
fromthe first bit following the Start bit to the last bit of 
the data field. The CRC value inverted is appended 
onto the transmission in one unbroken bit stream. 


2. RECEPTION—MODE <02>LOOP = 0. The LANCE 
performs a check on the input bit stream from the 
first bit following the Start bit to the last bit in the 
frame. The LANCE continually samples the state of 
the CRC check on framed byte boundaries, and, 
when the incoming bit stream stops, the last sample 
determines the state of the CRC error. Framing 
error (FRAM) is not reported if there is no CRC 
error. 


3. LOOPBACK — MODE <02> LOOP =1, MODE <03> 
DTRC =0. The LANCE generates and appends the 
CRC value to the outgoing bit stream as in 
Transmission but does not perform the CRC check 
of the incoming bit stream. 


4. LOOPBACK — MODE <02> LOOP = 1 MODE <03> 
DTRC = 1. LANCE performs the CRC check on the 
incoming bit stream as in Reception, but does not 
generate or append the CRC value to the outgoing 
bit stream during transmission. 


Loopback 


The normal operation of the LANCE is as a half-duplex 
device. However, to provide an on-line operational test 
of the LANCE, a pseudo-full duplex mode is provided. In 
this mode simultaneous transmission and reception of a 
loopback packet are enabled with the following con- 
straints: 


1. The packet length must be no longer than 32 bytes, 
and no shorter than eight bytes, exclusive of the 
CRC. 


2. Serial transmission does not begin until the FIFO 
contains the entire output packet. 


3. Moving the input packet from the FIFO to the 
memory does not begin until the serial input bit 
stream terminates. 


4. CRC may be generated and appended to the output 
serial bit stream or may be checked on the input 
serial bit stream, but not both in the same 
transaction. 


5. In internal loopback, the packets should be 
addressed to the node itself. 


6. In external loopback, multicast addressing can be 
used only when DTCR = 1 is inthe mode register. In 
this case, the user needs to appendthe CRC bytes. 


Loopback is controlled by bits <06, 03, 02> INTL, DTCR, 
and LOOP of the MODE register. 


External Loopback Test Procedure 


If the LANCE performs an external loopback test in alive 
network in which packets can be sent to the LANCE dur- 
ing the loopback test, a failure can be reported when in 
fact there is no problem. This problem occurs when a 


_ packet addressed to this node (or a broadcast packet) 


arrives after the LANCE has started to load the FIFO for 
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loopback transmission but before the LANCE has 
started to transmit. When this happens, the data in the 
FIFO can become corrupted such that the data transmit- 
ted are not the same as the data in the transmit buffer. 
As a result CRC, OFLO, UFLO, RTRY, or LCAR errors 
can be reported when there is nothing wrong with the 
system. 


No Error 


Unambiguous 
Error 


N = Max. number of times to repeat the test. 


External Loopback 
Test 


AMD al 


Therefore to eliminate false errors, the external loop- 
back routine should run the test a predetermined num- 
ber of times (20 to 30 times are more than enough) or 
until the test passes or until an unambiguous error 
(BABL, CERR, MISS, MERR, FRAM, BUFF, or LCOL) 
occurs. 


Ambiguous 
Error 


05698D-038A 


Figure 9. External Loopback Test Flow Chart 
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Serial Transmission 


Serial transmission consists of sending an unbroken bit 
stream from the Tx output pin consisting of: 


1. Preamble/Start bit: 62 alternating ONES and 
ZEROES terminating with the synch in two ONEs. 
The last ONE is the Start bit. 

2. Data: The serialized byte stream from the FIFO 
Shifted out with LSB first. 

3. CRC: The inverted 32-bit polynomial calculated 
from the Data, address, and type field. CRC is not 
transmitted if: 

i. Transmission of the Data field is truncated for 
any reason. 

ii. CLSN becomes asserted any time during 
transmission. 

iii. MODE <03> DTCR = 1 in anormal or loopback 
transmission mode. 

The Transmission is indicated at the output pin by the 


assertion of TENA with the first bit of the preamble and 
the negation of TENA after the last transmitted bit. 


The LANCE starts transmitting the preamble when the 
following are satisfied: 


1. There is at least one byte of data to be 
transmitted in the FIFO. 


2. The interpacket delay has elapsed. 
3. The backoff interval has elapsed, if a 
retransmission. 


Serial Reception 


_ Serial reception consists of receiving an unbroken bit 


stream on the Rx input pin consisting of: 


1. Preamble/Start bit: Two ONES occurring a 
minimum of 8 bit times after the assertion of 
RENA. The last ONE is the Start bit. 


2. Destination Address: The 48 bits (6 bytes) 
following the Start bit. 


3. Data: The serialized byte stream following the 
Destination Address. The last 4 complete bytes of 
data are the CRC. The Destination Address and 
the Data are framed into bytes and enter the 
FIFO. Source Address and Type field are part of 
the data which are transparent to the LANCE. 


Reception is indicated at the input pin by the assertion of 
RENA and the presence of clock on RCLK while TENA 
is inactive. The LANCE does not not sample the re- 
ceived data until about 800 ns AFTER RENA goes high. 
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APPENDIX A 
8086 computer program example to generate the hash filter, for multicast addressing in the LANCE. 


6 


= 1DB6 
= 04C1 


0000 


0000 

0000 50 
0001 53 
0002 51 
0003 52 
0004 55 


0005 B8 FFFF 
0008 BA FFFF 


000B B5 03 


000D 8B 2C 


OOOF 83 C6 02 


0012 B1 10 


0014 8B DA 
0016 D1 C3 
0018 33 DD 
001A D1 EO 
001C D1 D2 


001E 81 E3 0001 


0022 74 07 


0024 35 1D 86 
0027 81 F2 04C1 


002B 0B C3 
002D D1 CD 


. 
b 
. 
’ 
’ 
’ 


’ 


POLYL 
POLYH 
CSE61 


SETHASH 


SETH10: 


? 


SETH20: 


. 
, 


SETH30: 
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SUBROUTINE TO SET A BIT IN THE HASH FILTER FROM A 
GIVEN ETHERNET LOGICAL ADDRESS 
ON ENTRY SI POINTS TO THE LOGICAL ADDRESS WITH LSB FIRST 
DI POINTS TO THE HASH FILTER WITH LSB FIRST 
ON RETURN Si POINTS TO THE BYTE AFTER THE LOGICAL ADDRESS 
ALL OTHER REGISTERS ARE UNMODIFIED 


PUBLIC SETHASH 
ASSUME CS:CSE61 


EOU 1DB6H 
EQU 04C1H 


;CRC POLYNOMINAL TERMS 


SEGMENT PUBLIC ‘CODE’ 


PROC NEAR 


PUSH AX ;SAVE ALL REGISTERS 
PUSH BX 
PUSH CX 
PUSH DX 
PUSH BP 


MOV AX,OFFFFH 
MOV DX,OFFFFH 


;AX,DX =CRC ACCUMULATOR 
sPRESET CRC ACCUMULATOR TO ALL 1’S 


MOV CH,3 -CH =WORD COUNTER 
MOV BP[S1] -GET A WORD OF ADDRESS 

“ADD $1,2 ‘POINT TO NEXT ADDRESS 
MOV CL,16 -CL=BIT COUNTER 


MOV BX,DX ;GET HIGH WORD OF CRC 


ROL BX,1 sPUT CRC31 TO LSB 
XOR BX,BP ;COMBINE CRC31 WITH INCOMING BIT 
SAL AX,1 sLEFT SHIFT CRC ACCUMULATOR 
RCL DX,1 
AND BX,0001H ;BX=CONTROL BIT 
;3DO NOT XOR IF CONTROL BIT = 0 


JZ SETH30 
PERFORM XOR OPERATION WHEN CONTROL BIT= 1 


XOR AX,POLYL 
XOR DX,POLYH 


OR AX,BX 
ROR BP,1 


;3PUT CONTROL BIT IN CRCO 
sROTATE ADDRESS WORD 
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APPENDIX A (Continued) 

51 OO02FFECQ9 ~~ DEC CL -DECREMENT BIT COUNTER 

52 003175 E1 JNZ SETH20 

53 0033FE CD DEC CH -DECREMENT WORD COUNTER 

54 003575 D6 JNZ SETH10 | 

55 FORMATION OF CRC COMPLETE, AL CONTAINS THE REVERSED HASH 
56 CODE © 

58 0037B9 000A MOV CX,10 

49 003A D0 E0 SETH40: SAL AL,1 ‘REVERSE THE ORDER OF BITS IN AL 
60  003C DO DC RCR AH, 1 “AND PUT IT IN AH 

61  O03EE2FA LOOP SETH40 

62 

63 AH NOW CONTAINS THE HASH CODE 

64 : 

65 00408ADC MOV BL,AH -BL = HASH CODE, BH IS ALREADY ZERO 
66 0042B1 03 MOV CL,3 ‘DIVIDE HASH CODE BY 8 

67 0044D2EB SHR BL,CL ‘TO GET TO THE CORRECT BYTE 
68 0046 B0 01 MOV AL,O1H -PRESET FILTER BIT 

69 0048 80 E45 07 | AND AH,7H -EXTRACT BIT COUNT 

70 004B8ACC MOV CL,AH 

71 004D D2 Eo SHL AL,CL ‘SHIFT BIT TO CORRECT POSITION 
72 004F 08 01 OR [DI + BX],AL ;SET IN HASH FILTER 

73 00515D POP —iBP 

74 00525A POP DX 

75 005359 POP CX 

76 00545B POP BX 

77 005558 POP AX 

78 0056C3 RET 

179 : 

80 0057 SETHASH ENDP 

81 : 

82 0057 CSEG1 ENDS 

83 ; 

84 END 


Program example in BASIC to generate the hash filter, for multicast addressing, in the LANCE. 
100 REM 

110 REM PROGRAM TO GENERATE A HASH NUMBER GIVEN AN ETHERNET ADDRESS 
120 REM | 

130 DEFINT A-Z 

140 DIM A(47): REM ETHERNET ADDRESS. 48 BITS. 

150 DIM A$(6): REM INPUT FROM KEYBOARD 

160 DIM C(32): REM CRC REGISTER-32 BITS 

170 PRINT “ENTER ETHERNET ADDRESS AS 6 HEXADECIMAL NUMBERS SEPARATED ” 
180 PRINT “BY BLANKS. EACH NUMBER REPRESENTS ONE BYTE. THE LEAST ” 

190 PRINT “SIGNIFICANT BIT OF THE FIRST BYTE IS THE FIRST BIT TRANSMITTED.” 
200 PRINT” 
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210 
220 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 


350° 


360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 


PRINT “ENTER ETHERNET ADDRESS’; 


INPUT A$(0), A$(1), A$(2), A$(3), A$(4), A$(5) 

REM 

REM UNPACK ETHERNET ADDRESS INTO ADDRESS ARRAY 
REM 

M=0 

FOR | = 0 TO 47: A(l) = 0: NEXT | 

FOR1=0TO5 

IF LEN(A$(I)) = 1 THEN A$(I) = “0” + A$(I) 

A$(l) = UCASE$(A$(I)) 


FOR N =2 701 STEP -1 

Y$ = MID$(A$(1), N, 1) 

IF Y$ = “O” THEN 510 

IF Y$ = “1” THEN A(M) = 1: GOTO 510 

IF Y$ = “2” THEN A(M + 1) = 1: GOTO 510 

IF Y$ = "3" THEN A(M + 1) = 1: A(M) = 1: GOTO 510 
IF Y$ = “4” THEN A(M + 2) = 1: GOTO 510 

IF Y$ = “5” THEN A(M + 2) = 1: A(M) = 1: GOTO 510 
IF Y$ = “6” THEN A(M + 2) = 1:A(M+ 1) = 1: GOTO 510 
IF Y$ = “7” THEN A(M + 2) 
A(M + 3) = 1 

IF Y$ = “8” THEN 510 
IF Y$ = “9” THEN A(M) = 1: GOTO 510 

IF Y$ = “A” THEN A(M + 1) = 1: GOTO 510 

IF Y$ = “B” THEN A(M + 1) = 1: A(M) = 1: GOTO 510 

IF Y$ = “C” THEN A(M + 2) = 1: GOTO 510 

IF Y$ = “D” THEN A(M + 2) = 1: A(M) = 1: GOTO 510 

IF Y$ = “E” THEN A(M + 2) = 1: A(M+ 1) = 1: GOTO 510 

IF Y$ = “F” THEN A(M + 2) = 1: A(M+ 1) = 1: A(M) = 1 
M=M+4 

NEXT N 

NEXT | 

REM 

REM PERFORM CRC ALGORITHM ON ARRAY A(0-47) 
REM 

FOR | = 0 TO 31: C(I) = 1: NEXT | 

FOR N=0 TO 47 

REM SHIFT CRC REGISTER BY 1 

FOR | = 32 TO 1 STEP —1: C(I) = C(I-1): NEXT | 

C(0) = 0 

T = 0(32) XOR A(N): REM T = CONTROL BIT 

IF T = 0 THEN 700: REM JUMP IF CONTROL BIT=0 

C(1) = C(1) XOR 1: C(2) = C(2) XOR 1: C(4) = C(4) XOR 1 
C(5) = C(5) XOR 1: C(7) = C(7) XOR 1: C(8) = C(8) XOR 1 
C(10) = C(10) XOR 1: (11) = ©(11) XOR 1: C(12) = C(12) XOR 1 
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= 1: A(M+ 1) = 1: A(M) = 1: GOTO 510 
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670 


- 680 


690 
700 
710 
720 
730 
740 
750 
760 
770 


780 


C(16) = C(16) XOR 1: C(22) = C(22) XOR 1: C(23) = C(23) XOR 1 

C(26) = C(26) XOR 1 

C(O) = 1 

NEXT N 

REM 

REM CRC COMPUTATION COMPLETE, EXTRACT HASH NUMBER FROM C(0) TO C(5) 


REM 

HH=32*C(0)+16*C(1)4+8*C(2)+4"C(3)4+2*C(4)+C(5) 

PRINT “THE HASH NUMBER FOR ”; 

PRINT A$(0); “”; A$(1); “"; A$(2); “”; AS(3); “”; A$(4); “"; A$(5); 
PRINT “IS”; HH 

GOTO 210 


Program example in C to generate the hash filter, for multicast addressing, in the LANCE. 


Po re ee Ree ee Ce a Nae Nae see ee ee eee 


* hash.c Rev0O.1 


* 


* 


* 


* 


owe 


* 


* 


Generate a logical address filter value from a list of 
Ethernet multicast addresses. 


Input: 


User is prompted to enter an Ethernet address in 

Ethernet hex format: First octet entered is the first 
octet to appear on the line. LSB of most 
significant octet is the first bit on the line. 
Octets are separated by blanks. 

After results are printed, user is prompted for 

another address. 


(Note that the first octet transmitted is stored in 
the LANCE as the least significant byte of the Physical 
Address Register.) 


Output: 


After each address is entered, the program prints the 
hash code for the last address and the cumulative 
_address filter function. The filter function is 

printed as 8 hex bytes, least significant byte first. 


; ERASSAS AEE RSLAET LS ECO ST ee ne Lees Mees Teena eee eee AN Sf 


#include <stdio.h> 
void updateCRC (int bit); 
int adr[6], /* Ethernet address */ 


ladrf[8}, /* Logical address filter */ 
CRC[33], | CRC register, 1 word/bit + extra control bit */ 
poly[] = /* CRC polynomial. poly[n] = coefficient of 
the x**n term of the CRC generator polynomial. */ 
{1,1,1,0, 1,1,0,1, 
1,0,1,1, 1,0,0,0, 
1,0,0,0, 0,0,1,1, 
0,0,1,0, 0,0,0,0 
} 
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void main() 
{ | 
int k,i, byte; /* temporary array indices */ 
inthashcode; /* the object of this program */ 
char buf[80]; /* holds input characters */ 


for (i=0;i<8;i++) ladrf[i] = 0; /“ clear log. adr. filter */ 


printf ("Enter Ethernet addresses as 6 octets separated by blanks. \n”); 

printf ("Each octet is one or two hex characters. The first octet \n”); 

printf ("entered is the first octet to be transmitted. The LSB of \n’); 

printf ("the first octet is the first bit transmitted. After each \n’); 

printf ("address is entered, the Logical Address Filter contents \n’); 

printf ("are displayed, least significant byte first, with the \n”); 
( 
( 
{ 


n 


printf ("appropriate bits set for all addresses entered so far.\n’); 
printf (” To exit press the <Enter> key.\n\n”); 

while (1) 

{ 

loop: 


printf (\nEnter address: ”); 


/* If 1st character = CR, quit, otherwise read address. */ 
gets (buf); 
if ( buf[O}] == \0’) break; 
if (sscanf (buf, "%x %x %x %X %x %x”, 
&adr[0], &adr[1], &adr[2], &adr[3],&adr[4], &adr[5]) 
l= 6) | 
{ printf 
("Address must contain 6 octets separated by blanks.\n”); 
goto loop; 


} 
if ((adr[O] & 1) == 0) 
{ printf ("First octet of multicast address ”); 
printf ("must be an odd number.\n’); 
goto loop; 


} 


/* Initialize CRC */ 
for (i=0; i<32; i++) CRC[i] = 1; 


/* Process each bit of the address in the order of transmission. */ 


for (byte=0; byte<6; byte++) 
for (i=0; i<8; i++) 
updateCRC ((adr[byte] >> i) & 1); 


/* The hash code is the 6 least significant bits of the CRC 
in reverse order: CRC[O] = hash[5], CRC[1] = hash[4], etc. 
i 


hashcode = 0; 
for (i=0; i<6; i++) hashcode = (hashcode << 1) + CRC[i]; 


/* Bits 3-5 of hashcode point to byte in address filter. 
Bits 0-2 point to bit within that byte. */ 


Am7990 1-43 


cl AMD 


byte = hashcode >> 3; 
ladri[byte] |= (1 << (hashcode & 7)); 
printf ("hashcode = %d (decimal) ladrf[0:63] = ”, hashcode); 
for (i=0; i<8; i++) 
printf ("%02X ”, ladrf[i]); 
printf (” (LSB first)\n”); 


} 
} 
void updateCRC (int bit) 
{ 
int j; 
/* shift CRC and control bit (CRC[32]) */ 
for (j=32; j>0; j—) CRC[j] = CRC[H-1]; 
/* If bit XOR (control bit) = 1, set CRC = CRC XOR polynomial. */ 
if (bit * CRC[32)) 
for (j=0; j<32; j++) CRC{j] *= poly{i]; 
} 
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The table “Mapping of Logical Address to Filter Mask” 
can be used to find a multicast address that maps into a 
particular address filter bit. For example, address BB 00 
00 00 00 00 maps into bit 15. Therefore, any node that 
has bit 15 set in its logical address filter register will re- 
ceive all packets addressed to BB 00 00 00 00 00. The 
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table also shows that bit 15 is located in bit 7 of byte 1 of 
the Logical Address Filter Register. 


Addresses in this table are shown in the standard Ether- 
net format. The leftmost byte is the first byte to appear 
on the network with the least significant bit appearing 
first. 


Mapping of Logical Address to Filter Mask 


Bit 
0 
1 
2 
3 
4 
5 
6 
7 


a ee Se ee ee F 
BoP = o CO @ 


Pos 
0 
1 
2 
3 
4 
5 
6 
7 
0 
{ 
2 
3 
4 
5 
6 
7 | 15 
0 
1 
2 
3 
4 
5 
6 
7 

| o 
2 
3 
| 4 
5 
6 
7 


Byte 
Pos 


LAF Destination 
Address Accepted 


NN NNNNN NID DD DM DW HO HOV TH HG aonnol[p pA BRR BB PA 


00 
00 
00 
00 
00 
00 
6D O00 00 
4D 00 00 


a 
NO nM BP WOM -= ON OO WOM |= ON OD OBR wWDHY HF DOIN ODO FWD = CO 92 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature —65°C to +150°C Commercial (C) Devices 

Ambient. Temperature with 7 Temperature (Ta) | 7 0 to +70°C 
Power Applied : —25 to +125°C 

Supply Voltages to Ground Potential | Supply Voltage (Vcc) +4.75 V to +5.25 V 
Continuous —~0.3Vto+7V Vss OV 


Commercial Power Dissipation | 1.5 W | 

Operating ranges define those limits between which the func- 
Stresses above those listed under Absolute Maximum Rat- __. tionality of the device is guaranteed. 

ings may cause permanent device failure. Functionality at or 

above these limits is not implied. Exposure to Absolute Maxi- 

mum Ratings for extended periods may affect device reliabil- 

ity. Programming conditions may differ. 


DC CHARACTERISTICS over operating ranges unless otherwise specified 


Parameter | | | Commercial 
Symbol | Parameter Description Test Conditions Sane eee ee nie , 


vn |input Low vonage Except | =| S| S| of |v 
[Vr [Input HIGH Votage (Except AX, TOL) | |e | |__| v_ 
ee 
a en 1 


Output LOW Voltage COM'’L lo. = 3.2 mA ce 5 
MIL lo.=1.6mA | 

Output HIGH Voltage COM'’L lon = -0.4 mA 
ror ema MIL loo =—0.2 mA | 


ee +t a 


“*Icc is Measured while running a functional pattern with spec. value Ion and lot load applied. 


CAPACITANCE* (Ta= 25°C; Vcc = 0) 


Parameter 
Symbol | Parameter Description Test Conditions Typ. 


Se ee | eee ee eee Ee Ee 
Oa 
re ae 


[Cio [Capacitance Ft MHZ 


“Parameters are not tested. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 


[no.|'Symbot™|ParameterDeserinion | conaitions |_win._| typ. | max | unt 

Symbol Parameter Description Conditions Typ. 

Pt | tor |toukPeod | CT tts 

|p 2 | tro [terktowtime CT dts 

Pa [non [rowricntime «| Sd Td 

[4 [trea [Reotimeortoxx | =o) =f | dT |e 
E 


tTEP TENA Propagation Delay After the 
Rising Edge of TCLK Ci = 50 pF 70 
7 tTEH TENA Hold Time After the Rising 
Edge of TCLK Ci = 50 pF 5 
tTDP TX Data Propagation Delay After the 
Rising Edge of TCLK CL = 50 pF 70 
tTDH TX Data Hold Time After the Rising 
Edge of TCLK Ci = 50 pF 5 
aa cao 


10 tRCT RCLK Period (Note 3) 85 

pio | tact | RCLKPeriod | (Note) | 85 

rit | ton [ROUKHIGHTime ———S—S—~sSCSC~“~idCS Yd Cid 

rie [we [RouKLoWTime «dT ~SSCS~i Sf dT SS*dC 
13 tRCR Rise Time of RCLK (Note 3) 

113 | tach |RiseTimeofAclk | (Notes) | || ts 
14 tRCF Fall Time of RCLK (Note 3) 

| 14 | tacr | FallTimeofACLK (Note 3) | Ee ead 

[ton [AXDataRise Time + (Notea) | 

tROF RX Data Fall Time (Note 3) 
| tror | RX DataFaliTime | (Note 3) 


tRDH RX Data Hold Time (RCLK to RX 
Data Change) 5 
tRDS RX Data Setup Time (RX Data Stable 
to the Rising Edge of RCLK) 40 
tDON Bus Master Driver Disable After Falling 
Edge of HLDA 
23 tHHA Delay to Falling Edge of HLDA from 
Falling Edge of HOLD (Bus Master) 
tAW RESET Pulse Width LOW is ae 


— —+ | ou 
“STO 


tDOFF Bus Master Driver Disable After Rising 
Edge of HOLD 


2tTtcT + 50 


. Nh = 


25 Read/Write, Address/Data Cycle Time (Note 1) 
26 txAS Address Setup Time to the Falling 
Edge of ALE 
7 tXAH Address Hold Time After the Rising 
Edge of DAS 


t Address Setup Time to the Falling 
Edge of ALE 


Address Hold Time After the Falling 
Edge of ALE 


tRDAS Data Setup Time to the Rising Edge 
| of DAS (Bus Master Read) 


AS 
tAH 


o) 


oo © 
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21 | | Test 

lo. | Symbol |Parameter Description _ Conditions 

31 | tRDAH  |Data Hold Time After the Rising Edge - 
____jof DAS (Bus Master Read) 


32 tDDAS Data Setup Time to the Failing Edge 
. of DAS (Bus Master Write) 


twps Data Setup Time to the Rising Edge | 
of DAS (Bus Master Write) _ 


Data Hold Time After the Rising Edge 
of DAS (Bus Master Write) 


tspo1 [Data Driver Delay After the Falling (CRS 0, 3, RAP)| 


"~U 
© 
9) 
3 
© 
= 
© 
=y 


33 


34 tWDH 


Ww 
on 


O 


35 AtTCT 
| | [Edge of DAS (Bus Slave Read) | | 
36 | tsDo2 Data Driver Delay After the Falling (CSR 1, 2) 


Edge of DAS (Bus Slave Read) 


a tSRDH Data Hold Time After the Rising 
Edge of DAS (Bus Slave Read) 


tswoH _=— {Data Hold Time After the Rising | 
iEdge of DAS (Bus Slave Write) 


9 | tswos Data Setup Time to the Falling Edge 
of DAS (Bus Slave Write) | 


‘tatew — [ALE Width HIGH 3 


Delay from Rising Edge of DAS to the 
Rising Edge of ALE 


42 | tosw  |DAS Width LOW 


3 | tADAS Delay from the Falling Edge of ALE 
| to the Falling Edge of DAS 


. ; 


ie] 


ol wn : 


oO 


— 


| tDALE 


tRIDF Delay from the Rising of DALO to the 
Falling Edge of DAS (Bus Master Read) 


Delay from the Falling Edge of READY 
to the Rising Edge of DAS | 


Delay from the Rising Edge of DALO to 
the Falling Edge of DALI (Bus Master Read) 


DALI Setup Time to the Rising Edge of | 


AS (Bus Master) . 


DALI Hold Time After the Rising Edge of 
DAS (Bus Master Read) 


_tRIOF Delay from the Rising Edge of DALI to the 
Falling Edge of DALO (Bus Master Read) 


tos DALO and READ Setup Time to the Falling 
Edge of ALE (Bus Master Write and Read) 


tROH DALO Hold Time After the Falling Edge of 
ALE (Bus Master Read) 


twDs! Delay from the Rising Edge of DAS to the 
Rising Edge of DALO (Bus Master Write) 


tCSH ICS Hold Time After the Rising Edge of DAS 
(Bus Slave) | 
4 | tess CS Setup Time to the Falling Edge of DAS 
| | (Bus Slave) 


O1 


nk 
n 


| tRDYS 


“J 
1o 3) 


tROIF 


nN 
(=) 
Oo 


— 
On 


— 
> 
Oi 


{RIS 


oo 


tRIH 


= > 7 fp = 
co N 0) on 
O 


Nh 


— © 


3 


et 4. 


EE 


ai, 
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SWITCHING CHARACTERISTICS (Continued) 


Test 
Symbol |Parameter Description Conditions 
tSAH ADR Hold Time After the Rising Edge of DAS 
(Bus Slave) 


tSAS ADR Setup Time to the Falling Edge of DAS 
Bus Slave 


Delay from the Falling Edge of ALE to the 


J 
“< 
G 


55 


56 


U 
9) 
Lm | 
9) 
3 
® 
-- 
© 
bom § 


=) 
” 


wo” | 


57 tARYD 


Falling Edge of READY to insure a 
Minimum Bus Cycle Time (600 ns 


tSRDS Data Setup Time to the Falling Edge of 
READY (Bus Slave Read) Vhs) 


Note 5 


8 


oO 


— 
i) 


tRDYH R 


e 


9 DY Hold Time After the Rising Edge of 


D 


> 


S (Bus Master) 


of DAS (Bus Slave) (Notes 4, 6) 


tsRo2 READY Driver Turn On After the Falling Edge (CSR 1, 2) 
iof DAS (Bus Slave) (Note 6) 14ttcT | 


tSRo1 READY Driver Turn On After the Falling Edge |(CSR 0, 3, RAP) 
S 


61 


62 tsRYH — |READY Hold Time After the Rising Edge | 


of DAS (Bus Slave) 


63 tSRH READ Hold Time After the Rising Edge of 

DAS (Bus Slave) | 
64 tSRS READ Setup Time to the Falling Edge of 

DAS (Bus Slave) 


oO 


tCHL TCLK Rising Edge to Hold LOW or High Delay 
| _tcav TCLK to Address Valid | 


tCCA TCLK Rising Edge to Control Signals Active 
tCALE TCLK Falling Edge to ALE LOW 


oO) 
Bd 


tRCS Ready Setup Time to TCLK (Note 5) 
| {CDH TCLK Rising Edge to DAS HIGH 
tHCS HLDA Setup to TCLK 


tRENH IRENA Hold Time After the Rising Edge of 
|RCLK | 
74 tCSR CS recovery time between deassertion | ; 
of CS or HOLD and assertion of CS trcT+60 | } ons | 


Notes: 


1. Not shown in the timing diagrams, specifies the minimum bus cycle for a single DMA transfer. Tested by functional data 
pattern. 

2. Applicable parameters associated with Receive circuit are tested at tact (RCLK Period) = 100 ns, trcT = 100 ns (TCLK 

Period); RCLK and TCLK LOW/HIGH times tested at Min./Max. and Max./Min. specifications. 

Not tested. 

CRSO write access time (tsRo1) when STOP bit is set can be as long as 12tTCT. 

The READY Setup time before negation of DAS is a function of the synchronization time of READY. The synchronization must 

occur within 100 ns. Therefore, the setup time is 100 ns plus any accumulated propagation delays. Ready slips occur on 100 

ns increments. It is guaranteed that no wait states will be added by the LANCE if either parameter #57 or #70 is met. Parame- 

ter #70 is intended for systems in which TCLK is synchronized with the processor bus interface. Parameter #57 is intended 

for asynchronous systems. 


6. Parameter is for design reference only. Functional testing uses typical value + 1 TTcT. 


>) 
” 


tCDL TCLK Falling Edge to DAS Falling Edge 


-) 
wo 


O 

(On) 
=) a 3 a 3 
” 77) 7) 77) 7.) 


~J 


: NIN TN 
m}a]o 


3 


DS 
70) 


hates 
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Sense Point VTHRESHOLD 


05698D-039B 


A. Normal & Three-State Outputs 


Vcc 


Ri 
Device Pin 
CL 


05698D-040A 


B. Open-Drain Outputs (INTR, HOLD/BUSRQ, READY) 


[PinName | Test Circuit | Ri (k0) | Cu (pF) | 
All Outputs and I/O Pins except oat, ee. ae 
INTR, HOLD/BUSRQ, READY A 100 

TINT, HOLOBUSRG,FEADY | 6 | 18 | 50 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


SWITCHING WAVEFORMS (Note 1) 


Serial Link Timing (Collision) 


RCLK 


RENA 


INPUTS 


Must Be 
Steady 


May 
Change 
from H to L 


May 


Change 
from L to H 


Don’t Care; 
Any Change 
Permitted 


Does Not 
Apply 


OUTPUTS 


Will Be 
Steady 


Will Be 
Changing 
from H to L 


Will Be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 

Line is High- 
Impedance 
“Off” State 
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KS000010 
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Serial Link Timing (Receive) 


05698D-042A 
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SWITCHING WAVEFORMS 


TCLK / N f 


05698D-043A 


“During transmit, RENA input must be asserted (HIGH) and remain active-HIGH before TENA goes inactive (LOW). If 


RENA is deasserted before TENA is deasserted, LCAR will be reported in TMDs after the transmission is completed 
by the LANCE. 


Note: 
Please refer to Figures 3 to 6 for additional waveform diagrams. 


Serial Link Timing (Transmit) 
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(S) 


XXX X) v, KKK ¢ ¢ 
ROY OOK 

KXXXXKN Address KYAQXKXXOXKAK 

RY ere Data In 


05698D-044A 


SWYOASAVM SNIHOLIMS 
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O66.WY 
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Integrated Local Area Communications Controller™ (ILACC™) 


DISTINCTIVE CHARACTERISTICS 


m Integrated Ethernet controller and Serial 
Interface Adapter. 

m 32-bit bus interface with programmable 
capability for easy interface to popular bus 
architectures such as: 29000, 80X86, 680X0. 

= Compatible with Ethernet and ISD 8802-3 ANSI/ 
IEEE Std. 802.3 10BASE5, 10BASE2, 10BASE-T, 
and 10BASE-F. 


GENERAL DESCRIPTION 


The Am79C900 Integrated Local Area Communications 
Controller (ILACC) is a second generation Ethernet/ 
802.3 integrated controller and serial interface encoder/ 
decoder. The ILACC has been designed to easily inter- 
face to popular microprocessor bus architectures 
through its programmable bus interface. The ILACC’s 
on board DMA controller and its sophisticated buffer 
management scheme allows the system designer to 
achieve maximum performance in tightly coupled sys- 
tems such as PC mother board applications and node 
processor based adapter cards. In open bus architec- 


BLOCK DIAGRAM 


DATA/ADDRESS 
Bus <> 


MEMORY 
DATA LATCH MANAGEMENT 
CONTROL UNIT 


ADDRESS LATCH 


DMA/DATA PATH 
CONTROL 


Advanced 
Micro 
Devices 


m= On board 48-byte FIFO, DMA controller, and 
advanced buffer management scheme. 


= Extensive network diagnostics capabilities 
including: CRC, loop back, collision retry/runt 
packet counters, and TDR. 

m= State of the art CMOS technology and surface 
mount packaging. 


tures such as personal computer add-on LAN cards 
the ILACC gives the system designer the flexibility to 
chose the optimal cost-performance ratio by allowing 
both inexpensive bus master and shared memory ap- 
plications. The ILACC will support thick coax, thin coax, 
twisted pair and fiber optic cable networking schemes, 
such as Ethernet and ISO 8802-3 ANSI/IEEE Std. 802.3 
10BASE5, 10BASE2, 10BASE-T, and 10BASE-F 
through its AUI interface in conjunction with an external 
transceiver chip. 


CONTROL 
bia aN GENERAL PURPOSE 
SERIAL INTERFACE 
CHIP SELECTION SERIAL CLOCK IN 
ADDRESS | | RETRY MUX & ie re 
DETECT LOGIC BUFFERS ahlebie nc fbeia ete 
SERIAL CONTROL SIGNALS 
INTERRUPTS <1 aus sacheieacic: 


INTERFACE 

UNIT 
BUS ACQUISITION 
& ARBITRATION 


READY 
SYNCHRONIZATION 


DATA DIRECTION 
ENABLES 


POWER SUPPLY 


Publication #10594 Rev. C Amendment /0 


Issue Date: January 1992 


COMMON 
DISTRIBUTION 
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RESET 
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TYPICAL ETHERNET NODE 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several Packages and operating ranges. The ordering number 
(Valid Combination) is formed by a combination of: 


AM79C900 J Cc 


. OPTIONAL PROCESSING 
Blank = Standard Processing 
B = Burn-in 


. TEMPERATURE RANGE 
C = Commercial (Ta = 0 to 70°C) 


. PACKAGE TYPE 
J = 84-Pin Plastic Leaded Chip Carrier (PL 084) 


b. SPEED OPTION 
Not Applicable 


a. DEVICE NUMBER/DESCRIPTION 


Am79C900 
integrated Local Area Communications Controller (ILACC) 


Valid Combinations 


AM79C900 JC 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability 
of specific valid combinations, to check on newly 
released combinations. 
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PIN DESCRIPTION 

ALE/AS. 

Address Latch Enable/Address Strobe 
(Input/Output, High Impedance) 

Used to demultiplex the DAL bus and define the ad- 
dress portion of the memory cycle. AS is the logical in- 
version of ALE. The polarity of the pin is programmable 
through ACON (CSR¢ bit 1) as follows: 


ACON = 0: ALE (falling edge latches address). 
ACON = 1: AS (rising edge latches address). 


Used as input during bus arbitration to detect comple- 
tion of previous bus master transactions. 


BCLK 

Bus Clock (Input) 

BCLK determines the operating clock rate for the micro- 
processor interface. 


BEO-BE1/SIZO-SIZ1 

Byte Enable (Output, High Impedance) __ 

With BACON = 00 , these lines become BEO and BE1 
(DAL[0}] and DAL[1] become BYTE ENABLE 2 and 3 
respectively). These signals are used for the 80X86 
interface. 


Size (Output, High Impedance) 
With BACON = 01, SIZO and SIZ1 are produced for 
680X0 or Am29000 environments. 


BE2-BE3/DAL[0]—DAL[1], 

Byte enable/Data/Address lines (Input/Output, High 
Impedance) 

For BACON = 00. In master cycles, during the address 
portion of a memory transfer, the pins function as BE2- 
BE3, the memory bank selected signals for an 80X86- 
type environment. During the data portion of the mem- 
ory transfer, DAL[O]—-DAL[1] contain the read or write 
data depending on the type of transfer. In slave cycles, 
these lines operate as data lines. 


Data/Address lines (Input/Output, High Impedance) 
For BACON = 01. In master cycles, during the address 
portion of a memory transfer, the pins function as A[1] 
and A[0] the byte offset signals for a 680X0-type envi- 
ronment. During the data portion of the memory trans- 
fer, DAL[1:0] contain the read or write data depending 
on the type of transfer. In slave cycles, these lines 
operate as data lines. 


BGACK/ MASTER 

Bus Grant Acknowledge (Input/Output, Open Drain) 
Bus Grant Acknowledge indicates the current bus mas- 
ter (BACON = 01). If the ILACC has requested the bus 
(asserted BUSREQ), it must wait until BUSACK be- 
comes asserted (indicating the current master will relin- 
quish the bus on completion of its transaction) at which 
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time the ILACC will sample BGACK, DAS and ALE/AS. 
lf they are in their inactive state (indicating the current 
master has completed its last cycle and no other device 
is claiming bus mastership), the ILACC will assert 
BGACK. Bus Grant Acknowledge will remain asserted 
as long as the ILACC remains bus master. Used with 
680X0 family of processors. 


Master (Output, Open Drain) 

Asserted when ILACC is the bus master (BACON=00) 
to enable data/address bus drivers. 

C/D 

Control/Data Select (Input) 

Used during slave cycles to determine if the current 
transaction is transferring control or data information. 


C/D = 0: Data Port select. 
C/D = 1: Register Address Port select. 


The input is ignored when the ILACC is a bus master. 


CDT 

Collision Detect (Input) 

When asserted, indicates that there is more than one 
node transmitting on the medium concurrently. CDT is 
only required when using the general purpose serial 
interface. CDT should be tied low when using the inter- 
nal SIA (PORTSEL = 0, CSR15 bit 8). 


Cl+ 

Cl- . 

Control In (Input) 

A differential line input signaling that there is a collision 
when operating the integrated SIA. Used in Ethernet/ 
802.3 applications. Operates at pseudo-ECL levels. 
When using the general purpose serial interface 
(PORTSEL = 1, CSR15 bit 8), Cl+/- should be tied to 
ground. 


CRS 

Carrier Sense (Input) 

CRS must be asserted when valid data is being re- 
ceived by an external transceiver connected via the 
general purpose interface port. CRS is only required 
when using the general purpose serial interface. CRS 
should be tied low when using the internal SIA 
(PORTSEL = 0, CSR15 bit 8). 


cs 

ChipSelect(Input) 

Used to access the ILACC internal registers in conjunc- 
tion with C/D. Ignored during bus mastership cycles. 


DAL[31:2] 

Data/Address Lines (Input Output, High Impedance) 
During the address portion of a memory transfer 
DAL[31:2] contain memory address information. During 
the data portion of the memory transfer DAL[31:2] con- 
tain the read or the write data depending on the type of 
transfer. 
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DALI 

Data/Address Line In (Output) 

An external bus transceiver control line used to enable 
the data path into the ILACC. Active in both master and 
slave cycles. 


DALO 

Data/Address Line Out (Output) : 
An external bus transceiver control line used to enable 
the data path away from the ILACC. Active in both 
master and slave cycles. 


DAS 

Data Strobe (input/Output, High Impedance) 
Defines the data portion of the bus transfer. Input during 
bus slave. Output during bus master cycles. 


Di+ 

DIi- 

Data In (Input) 

A differential line input to the integrated SIA for receiv- 
ing Manchester encoded data from the network. Oper- 
ates at pseudo-ECL levels. When using the general 
purpose serial interface (PORTSEL = 1, CSR15 bit 8), 
DI + should be tied to ground. 


DO+ 

DO- 

Data Out (Output) | 

A differential line output for transmitting Manchester 
encoded data from the integrated SIA. Operates at 
pseudo-ECL levels. When using the general purpose 
serial interface port (PORTSEL = 1, CSR15 bit 8), DO+ 
should be left unconnected. 


HLDA/BUSACK 

Hold Acknowledge (Input) 

Response from other potential bus masters to indicate 
they have relinquished bus mastership in an 80X86- 
type processor environment (BACON = 00). Any host 
which allows preemptive DMA may deassert Hold Ac- 
knowledge at any time requiring the ILACC to deassert 
HOLD . 


Bus Acknowledge (Input) 

This signal is asserted by the host in response to a Bus 
Request. When Bus Acknowledge is received in re- 
sponse to the chip’s assertion of Bus Request, the 
ILACC becomes the bus master after ALE/AS, DAS and 
BGACK are sampled inactive. Intended for use in 
680X0-type processor environments (BACON = 01). 


HOLD/BUSREQ 

Hold (Output, Open Drain) 

Asserted by the ILACC to request bus mastership in 
80X86 processor configurations. The output can be 
wire-ORed with other potential bus masters. HOLD will 
be deasserted by the ILACC within a maximum of five 
bus cycles if another master preempts the ILACC (re- 
moves HLDA). 
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Bus Request (Output Open Drain) 

Bus Request is asserted when the chip requires the bus 
for direct memory transfer in 680X0-type processor con- 
figurations. The output may be wire-ORed with other 
potential bus masters. 


INTR 

Interrupt (Output, Open Drain) 

An attention signal that indicates that one or more of the 
following status flags are set: BABL, MERR, MISS, 
TINT, IDON (all in CSRO), TXSTRT or LBE (in CSR4). 
INTR is enabled by IENA = 1 (CSRO bit 6). 


NC 
No Connection 
Do not connect. 


R/W 

Read/Write (Input/Output, High Impedance) 
Indicates the direction of data flow to or from the ILACC. 
An output during bus master cycles. An input during 
slave cycles. 


READYL | 
Ready Low (Input/Output Open Drain) 


‘When the ILACC is a bus slave, READYL is the output. 


used to request wait states to be inserted in host read/ 
write operations. When the ILACC is a bus master, 
READYL is the input acknowledge from target memory 
to indicate it will accept data in a write cycle or that valid 
data is available on the DAL bus in a read cycle. 


RESET 

System Reset (Input) 

Reset clears the internal logic. All outputs go to their 
high impedance state or are driven inactive. All bus- 
related outputs are high impedance until the Initialize 
command is given by the host. 


RINTR 

Receive Interrupt (Output, Open Drain) 

When active, indicates that RINT in CSR0 is set (bit 10). 
RINTR is enabled by INEA (CSRO bit 6). Receive inter- 
rupts can be masked by setting the mask bit RINTM in 
CSR3 (bit 10). RINTR will remain asserted until RINT is 
Cleared, RINTM is set, or INEA is cleared. RINT set in 
CSRO does not cause the external INTR to become 
asserted although the INTR summary bit in CSRO will 
be set providing RINTM in CSR3 is clear. 


RTS 

Request To Send (Output) 

RTS is asserted when the chip wishes access to the 
channel. RTS remains asserted during the transmission 
cycle. RTS will only be activated by the ILACC if the 
general purpose serial interface has been selected. 
RTS should be left unconnected if the integral SIA has 
been selected (PORTSEL = 0, CSR15 bit 8). 
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RxC 

Receive Clock (input) 

The receive data clock operates at the network data 
rate 10 MHz. Only required if the general purpose serial 
interface has been selected. RxC should be tied low if 
the internal SIA has been selected (PORTSEL = 0, 
CSR15 bit 8). 


RxD 

Receive Data (input) 

The receive serial data path to the general purpose 
serial interface. Serial data presented on this input will 
be clocked into the ILACC by the positive edge of the 
RxC. RxC should be tied low when using the internal 
SIA (PORTSEL=0, CSR15 bit 8). 


TxC 

Transmit Clock (Input) 

The transmit data clock operates at the network data 
rate (10 MHz). Only required if the general purpose 
serial interface has been selected. TxC should be tied 
low if the internal SIA has been selected (PORTSEL = 
0, CSR15 bit 8). 


TxD 

Transmit Data (Output) 

The transmit serial data path is only activated by the 
ILACC if the general purpose serial interface has been 
selected. The ILACC will clock out serial data onto TxD 
on the positive edge of TxC. TxD should be left uncon- 
nected if the internal SIA has been selected (PORTSEL 
= 0, CSR15 bit 8). 


Vop 

Power supply (6 pins) 

+5 V supply for internal interface logic and I/O pin driver 
functions. 


Vs 

Ground (10 pins). 

0 V reference for internal interface logic and I/O pin 
driver functions. 


AMD | 


AVop 

Analog Power supply 

+5 V supply for the analog functions of the internal SIA. 
This supply should be separated from the digital Vop 
supplies as far back to the system power supply as 
practical. 


AVss 

Analog Ground Reference 

0 V reference for the analog functions of the internal 
SIA. This ground reference should be separated from 
the digital V., supplies as far back to the system power 
supply as practical. 


XCLK 
Clock (Output) 
XCLK is derived from the crystal oscillator. 


XTAL1 

XTAL2 

20 MHz Crystal Oscillator (Input) 

The crystal frequency determines the network data rate. 
When using an external crystal, two 100-pF capacitors 
are required between XTAL1 and ground and XTAL2 
and ground. XTAL1 may be driven from an external 
source in which case XTAL2 must be left floating. When 
using the internal SIA, the network data rate (10 MHz) 
will be one half of the external crystal frequency. 
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FUNCTIONAL DESCRIPTION 

General 

The Am79C900 (ILACC) is designed to operate in an 
environment that allows close coupling with a local 
memory and/or microprocessor (host), or alternately it 
can reside on a system bus and act as an intelligent bus 
master device. 


The ILACC is programmed by a combination of regis- 
ters resident within the chip and data structures located 
in user memory. There are 60 user-accessible Control 
and Status Registers (CSRs) within the chip. The host is 
responsible for initial programming of a small subset. 
Once enabled, the ILACC accesses memory directly to 
acquire additional operating parameters. 


The Am79C900 has the ability to perform independent 
buffer management as well as transfer data packets to 


and from the network. There are three memory struc- | 


tures accessed by the chip: 


1. Initialization Block — Seven 32-bit entries in memory 
starting on a long word boundary. It contains the 
parameters necessary for device operation. The Ini- 
tialization Block is comprised of: 


¢ Mode of Operation 

¢ Physical Address 

« Logical Address Filter 

« Pointers to Receive and Transmit Descriptor 
Rings 

¢« Number of Entries in Receive and Transmit 
Descriptor Rings 


2. Receive and Transmit Descriptor Rings — Two 
contiguous ring structures in memory for control of 
Receive and Transmit packets. The descriptor rings 
are comprised of: 


¢ The address of a data buffer 


« Status and error information associated with the 
buffer 


¢. The length of the data buffer 

3. Data buffers — Area(s) of memory reserved for 
packet buffering. Data buffers may begin on arbitrary 
byte boundaries. Each buffer must be contiguous in 
memory, although multiple buffers can be located 
anywhere in addressable memory. 


In general the programming sequence of the ILACC _ 


may be summarized as: | 

1. Program the ILACC’s CSRs to locate the Initializa- 
tion Block in memory. 

2. Define the byte control, byte addressing, address 

latch, and bus arbitration. | 

. Fetch the Initialization Block via DMA. 

4. Access the descriptor rings and data buffers for 
packet handling. 


oY) 
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The parallel interface of the ILACC has been designed 
to be easily interfaced to a variety of popular 32-bit 
microprocessor buses; examples include the 80X86, 
680X0 and AMD 29000 series. The ILACC is user- 
configurable so that it directly interfaces to the bus 
arbitration schemes of the above architectures. 


The ILACC has a 32-bit wide linear address space 
when acting as Bus Master allowing it to DMA directly 
into the entire address space of the above microproces- 
sors and system buses. 


Interrupts to the processor are generated by the ILACC 
upon: 


1. Completion of ILACC’s Initialization routine 
2. The reception of a packet 

3. Start of transmit packet 

4. Completion of transmit activity 

5. A transmitter time-out error 

6. A missed packet 

7. Amemory error 


The cause of interrupt is determined by reading CSRO 
and/or CSR4. Bit 6 of CSRO (INEA) enables or disables 
interrupts to the host. In systems where polling is used. 
in place of interrupts, bit 7 of CSRO (INTR) indicates an 
interrupt condition. 


The basic operation of the ILACC consists of two dis- 
tinct modes: transmit and receive. In the transmit mode, 
the ILACC directly addresses data in a transmit buffer in 
memory. It prefaces the data with a preamble and syn- 
chronization pattern and calculates and appends a 32- 
bit CRC. This packet is then Manchester encoded by 
the internal SIA or sent out in NRZ format with clock 
depending on which transceiver port is selected. 


In the receive mode, packets are received via the exter- - 
nal transceiver and passed to either the SIA port or the 
general purpose serial interface of the ILACC. If the 
internal SIA is used, clock and data separation occur 
and the packet is loaded into buffer memory. If the 
general purpose interface is used, clock and data sepa- 
ration must occur externally. A CRC is calculated for the 
received packet and compared with the CRC appended 
to the data packet. If the calculated CRC does not agree 
with the packet CRC, an error bit is set. 


iILACC Bus Configurations 

The ILACC supports a 32-bit data and address bus. 
Memory byte selection during ILACC bus mastership 
can be software-programmed according to the target 
microprocessor using the BACON bits. Arbitration 
schemes for 80X86 and the 680X0 are supported. 
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Bus Cycles 
Depending on the operation, the ILACC can function as 
a bus slave (memory or I/O mapped) or as a bus master 
(DMA) device. 


BUS SLAVE CYCLES 
Slave cycles are executed by the host system on the 


ILACC to program the initial conditions of the device or 


to examine its state during operation. 


The host can gain read or write access to the ILACC's 
internal Control and Status Registers (CSRs) by asserting 
the CS and DAS Lines (CS = DAS = LOW), causing the 
ILACC to enter the bus slave mode. The CSRs are ac- 
cessed in a two-stage process. The host must first write 
the address of the register to be accessed into the Reg- 
ister Address Pointer (RAP). The host can subsequently 
perform read or write operations on the register ad- 
dressed by the contents of RAP by accessing the Data 
Port. 


RAP or Data Port selection is performed using the C/D 


input pin (C/D = 1 for RAP access). For more details, 
see the heading “User Programmable Registers." 


All slave accesses to/from the ILACC's internal CSRs 
take place over DAL[15:0]. The high order address and 
data bus lines (DAL[31:16]) are driven but contain un- 
defined data during slave read operations and are 
ignored during slave write operations. 


Read Sequence eres _ 

At the beginning of the read cycle, CS, C/D and R/W are 
asserted by the host. The host will assert DAS which will 
latch both the read request and the state of C/D within 
the ILACC. R/W and C/D need not be active for the 
remainder of the cycle. The ILACC will subsequently 
assert DALO to enable the external output bus 
transceiver(s). If C/D was latched as a “1”, the contents 
of RAP will be placed on the DAL bus. If C/D was a “0”, 
the contents of the CSR addressed by RAP will be 
placed on the DAL bus. After the data on DAL[31:0] 
becomes valid, the ILACC asserts READYL signalling 
the host to strobe in the data using the rising edge of 
DAS and relinquish CS. The ILACC subsequently re- 
leases DALO, READYL, and the DAL bus in response 
to DAS going inactive. CS and DAS must be valid 
during the entire slave read cycle. 


Write Sequence 2 es = 

At the beginning of the write cycle, CS, C/D and R/W are 
asserted by the host. The host will assert DAS which will 
latch both the write request and the state of C/D within 
the ILACC. R/W and C/D need not be active for the 
remainder of the cycle. The ILACC will subsequently 
assert DALI to enable the external input bus 
transceiver(s). The host will output the write data on 
DAL[15:0]. If C/D was latched as a “1”, the contents of 
the DAL bus will be written to RAP. If C/D was a “0”, the 
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contents of the DAL bus will be written to the CSR 
addressed by the RAP. When the ILACC asserts 
READYL, the host strobes the data into the ILACC 
using the rising edge of DAS and subsequently releases 
the CS line and the DAL bus. The ILACC will deassert 
DALI and READYL in response to DAS going inactive. 
CS and DAS must be valid during the entire slave write 
cycle. 


BUS ACQUISITION 

The ILACC bus acquisition mechanism can be opti- 
mized to suit common two- or three-wire bus arbitration 
schemes, using the Bus Acquisition Control (BACON) 
bits in CSR4, as defined below: 


BACON Bus Configuration 
00 80X86 
01 680X0 
10 RESERVED 
11 RESERVED 


For 80X86-type processors, bus acquisition is con- 
trolled with a two-wire handshake of HOLD (HOLD RE- 
QUEST) and HLDA (HOLD ACKNOWLEDGE). If BA- 
CON = 00 (80X86 operation), the burst transfer may be 
preempted by the host or system arbiter deasserting the 
HLDA line. The ILACC will complete its current bus 
transaction before relinquishing the HOLD request. 


For 680X0-type processors, bus acquisition is con- 
trolled with a three-wire handshake of BUSREQ (BUS 
REQUEST), BUSACK (BUS ACKNOWLEDGE) and 
BGACK (BUS GRANT ACKNOWLEDGE). Preemption 
is not supported in this configuration. 


The ILACC will request the bus to enable the move- 
ment of a received packet into the receive buffer area or 
to check for the presence of a transmit message and to 
move it from the transmit buffer area if required. 


lf there are 16 bytes or more empty in the FIFO in 
transmit mode, or at least 16 bytes of data in the FIFO in 
receive mode when the ILACC releases the bus (HOLD 
or BGACK deasserted), it will request the bus again 
within 4 bus clock periods for receive or 10 bus clock 
periods for transmit. 


BUS MASTER CYCLES 

All data transfers from the ILACC during bus mastership 
are timed by ALE/AS or DAS and READYL. The auto- 
matic adjustment of the ILACC cycle by the READYL 
signal allows synchronization with variable cycle time 
memory. Bus cycles are a minimum of 4 BCLK cycles 
and can be increased in increments of 1 BCLK cycle. 


DALI and DALO are used to control external bus trans- 
ceivers. DALI is used to enable the data path toward the 
ILACC. DALO to enable the data path away from the 
ILACC. 
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Read Sequence 

The read cycle is commenced by placing valid ad- 
dresses on DAL[31:0] for the 680X0 mode or DAL[31:2] 
for the 80X86 mode. The appropriate byte transfer sig- 
nals (Ap., and SIZO - SIZ1 for the 680X0 mode; BEO - 
_ BES for the 80X86 mode) are asserted to indicate the 
active data bus width. The R/W signal is driven HIGH to 
indicate a read cycle. The ALE/AS pulse allows the ex- 
ternal latch to load and store the long-word address. 


The DAL lines go into a high impedance state and DAS 
falls low to signal the start of the memory access. DALI 


is activated by the ILACC to enable the external input 
bus transceiver(s). The memory responds by asserting 
the READYL input to the ILACC to indicate that 
DAL[31:0] have valid data. The ILACC latches the 
memory data on the rising edge of DAS which in turn 
ends the memory cycle. 


Write Sequence 

The write cycle is very similar except the write transfer is 
indicated by R/W being driven LOW. The DAL lines 
change from containing addresses to data after ALE/AS 
goes inactive. DALO is used to enable the ILACC data 
onto the data bus. Data to memory is held valid after 
DAS goes inactive. | 


Variable Length ILACC DMA Transfers 

The ILACC will initiate DMA transfers according to the 
type of operation being performed. All DMA transfers 
will fall into one of the following catagories: 


* Single-cycle DMA 
* Dual-cycle DMA 
¢ Burst-cycle DMA 


Single-cycle DMA Transfers 

Once the ILACC has been granted bus mastership, it 
will issue a single long-word memory address and per- 
form a single long word (32-bit) or partial long word 
access to that location. Following the completion of that 
single location access, the ILACC will relinquish bus 
mastership. An example of this type of access can be 
found at the end of ILACC initialization. Another ex- 
ample would be at the end of a transmit packet when 
only one access is necessary to finish reading the 
packet into the FIFO. 


Dual-cycle DMA Transfers 

Once the ILACC has been granted bus mastership, it 
will perform two data transfer cycles before relinquish- 
ing the bus. The two transfers within the mastership 
period will always be of the same type (either both read 
or both write) but may be to non-contiguous addresses. 
Dual cycle DMA transfers cannot be preempted. Dual- 
cycle DMA transfers are typically pertonned during de- 
scriptor accesses. 


PRELIMINARY 


Burst-Cycle DMA Transfers 

Once the ILACC has been granted bus naaiershi, it 
will perform a series of consecutive data transfer cycles 
before relinquishing the bus. Each data transfer will be 
performed sequentially with the issue of the long-word 
address and the transfer of the data with appropriate 
output signals to indicate selection of the active data 
bytes during the transfer. All transfers within the master- 
ship cycle will be either read or write cycles and will be 
to contiguous long-word addresses. The number of data 
transfer cycles within the burst is dependent on the 
programming of the DMAPLUS option (CSR4, bit 14). if 
DMAPLUS = 0, a maximum of four transfers will be 
performed. If DMAPLUS = 1, the burst will continue until 
the FIFO is filled to its high threshold (34 bytes in 
transmit operation) or emptied to its low threshold (14 
bytes in receive operation). Due to pipelining delays in- 
ternal to the ILACC, the actual number of bytes in the 
FIFO at the end of the DMA burst may exceed the 
above thresholds (i.e. filled with >34 bytes or emptied to 
< 14 bytes).The exact number of transfer cycles in this 
case will be dependent on the latency of the system bus 
to the ILACC's mastership request (HOLD/BUSREQ to 
HLDA/BGACK delay) and the speed of bus operation. 
The burst cycle may be preempted when using the 
80X86 mode of operation by removing the mastership 
privilege (HLDA = HIGH). The ILACC will complete the 
current read or write cycle before returning the master- 
ship request inactive (HOLD = HIGH). 


BUS MASTER TRANSACTIONS 

Transactions during ILACC bus mastership consist of 
use of the allowable DMA cycle types as previously 
defined and the type of memory transaction being per- 
formed. Bus transactions fall into one of the following 
three catagories: 


e Initialization block read access 
¢ Descriptor read/write access 
¢ Data buffer read/write access 


Initialization Block Access 
This transaction reads all 7 long-words (28 bytes) of the 
Initialization Block. 


Data is read from the Initialization Block as a sequence 
of four separate arbitration/relinquish cycles. The first 
three exchanges will be performed as dual-cycle DMA 
transfers, performing two contiguous long-word reads, 
commencing at the base address programmed in CSR1 
and CSR2. This sequence continues until the fourth 
cycle which will perform a single-cycle DMA transfer to 
read the last long-word entry in the Initialization Block. 
The time between each mastership cycle may vary if 
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another device is also contending for bus mastership 
during the initialization sequence. The ILACC will al- 
ways complete the 2 long-word read operations within 
the bus mastership period, even if preempted. 


Initialization Block entries are not byte-swapped regard- 
less of target configuration. The internal ILACC regis- 
ters read in the memory-based initialization parameters 
on the basis that bit 31 of the memory location is the 
high order bit of the word. 


The base location of the Initialization Block is con- 
Strained to be on an even word boundary. Bits 0 and 1 of 
CSR1 must be zero. 


Descriptor Access 

These transactions read and write the appropriate en- 
tries of the transmit and receive descriptor rings to 
manage the transfer of transmit buffers to the network 
and messages from the network to the receive buffers. 


Accesses to descriptor entries are performed by only 
two methods: 


1. For chained buffers (multiple descriptors/buffers con- 
taining a single message), a single-cycle write will be 
used to update the transmit or receive descriptor 
status (TMD1 or RMD1) of all but the last descriptor 
in the chain. 


2. A dual-cycle DMA transfer will be performed on all 
descriptor read operations and on write operations to 
the last descriptor in a chain including the case where 
only one descriptor was used for the packet. 


In the case of a transmit error in the middle of a chain, a 
dual-cycle transfer will be written to the current descrip- 
tor, = regardless of its position in the packet. The dual 
access is needed at this point in order to report the error 
condition to TMD2. 


Note that during all descriptor read operations, the en- 
tire data bus will be activated, = as if a full long-word 
data fetch were being performed. The ILACC will inter- 
nally route and use only the required data and discard 
any superfluous information fields. For write cycles, only 
the appropriate data bus bytes are activated to ensure 
adjacent memory locations are not corrupted. 


Descriptor entries are not byte swapped regardless of 
target configuration. The internal ILACC registers read 
in the memory-based initialization parameters on the 
basis that bit 31 of the memory location is the high order 
bit of the word. 3 


Descriptors must be constrained to be on 16-byte 
boundary as defined by the TRANSMIT/RECEIVE DE- 
SCRIPTOR RING ADDRESS fields (TDRA and RDRA), 
within the Initialization Block (TDRA[3-0] = 0, RDRA[3- 
0] = 0). Hence all descriptor entries will appear on long- 
word boundaries to the ILACC. 
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Data Buffer Access 

Burst-cycle DMA is used to read transmit buffer infor- 
mation and transfer it to the FIFO or to write receive 
message information from the FIFO to the receive 
buffer area. 


Accesses to buffer entries are performed by only two 
burst mechanisms: 


1. If DMAPLUS = 0 (CSR4, bit 14), the burst transfer 
will consist of up to four read/write cycles providing 
the ILACC is not preempted (applicable to 80X86 
mode only). See timing diagrams for preemption 
timing. 


2. If DMAPLUS = 1, burst transfers continue until the 
FIFO is filled to at least its high threshold (34 bytes in 
transmit operation) or emptied to its low threshold (< 
14 bytes in receive operation) within a single DMA 
burst cycle (unless preempted). See timing diagrams 
for preemption timing. 


To maximize system bus bandwidth, the ILACC will 
always use its first DMA transfer to or from a buffer to 
long-word align its remaining transfers. For example, if 
the buffer is located on an odd-word boundary (A1 = 1, 
AO = 0), the first DMA transfer will read or write 1 word (2 
bytes) of data. Subsequent cycles will DMA long-word 
data (4 bytes) since the addresses will now be long- 
word aligned (A1 = 0, AO = 0). 


Note that during all transmit buffer read operations, the 
entire 32-bit data bus will be activated and read as a 
single long word. In those instances where fewer than 4 
bytes are to be read from a long word location in a buffer, 
the ILACC will internally route the byte(s) being trans- 
ferred and will discard the remaining bytes from the 32- 
bit read operation. These conditions might exist only at 
the start of a transmit buffer, the end of the used portion 
of a transmit buffer, or the end of the transmit buffer’s 
memory allocation. For receive buffer write operations, 
the ILACC will always perform 32-bit writes with the 
following exceptions: 


1. When writing to the beginning of a receive buffer 
where the first byte of that buffer does not align witha 
long word boundary. 


2. When writing to the long word location that contains 
the last (<4) byte(s) of a receive buffer’s memory 
allocation. 


For these two instances, the ILACC will employ the bus 
control signals (BEO-BE3, SIZ0-SIZ1) to ensure that only 
the appropriate bytes in the 32-bit word are written to 
memory. Note that when fewer than 4 bytes are being 
written to the end of a receive buffer where there are 
more than sufficient bytes in the 32-bit location that are 
part of the current buffer, then undefined data will be 
written to the unused buffer byte(s) in that 32-bit location. 
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Buffer data will be byte swapped according to the target 
memory architecture due to the byte orientation of the 
802.3 protocol (“little-endien”). Data is transferred 
across the network in byte-ascending order (i.e., start- 
ing with byte 0, then byte 1, 2, 3, etc.). 


There are a number of additional restrictions which 
apply to transmit and receive buffers: 


1. The BUFFER BYTE COUNT for receive buffers 
(BCNT in RMD1) must be a minimum of 64 bytes. 


2. The MESSAGE BYTE COUNT for receive buffers 
(MCNT in RMD@2) will contain the exact number of 
bytes received in the packet and is written by the 
ILACC in the last receive descriptor table entry 
(DTE) for the message (valid where the ENP bit is 
set in RMD1, and assuming ERR is clear). 


3. The BUFFER BYTE COUNT (BCNT in TMD1) for 
the first buffer in a chained transmit packet must be a 
minimum of 116 bytes if DMAPLUS (CSR4[14]) is 
set or 100 bytes minimum if DMAPLUS is reset. 


Note that 80X86 type processors have bus transfer 
restrictions, namely: 


(i) that a single 3-byte transfer will not be observed with- 
out an accompanying byte cycle either before or after. 


(ii) misaligned transfers will move the data at the high ad- 
dressed long-word location first then decrement to the 
previous long-word location to complete the transfer. 


These restrictions do not apply to the ILACC even when 
configured for the 80X86 interface. 3-byte cycles can be 
observed (i.e., at the end of a buffer), and the ILACC will 
transfer data logically incrementing to each long word 
location and performing the appropriate transfer. 


SUMMARY OF 32-BIT MEMORY TRANSFERS 
From the cases outlined previously, the following set of 
32-bit bus transfer conditions are required. 


Initialization Block: 

LONG-WORD TRANSFER FROM EVEN-WORD 
ADDRESS | 
Example: Normal 32-bit Initialization Block entry read. 
680X0: SIZ1=0, SIZO=0, A1=0, AO=0 


MS byte from DAL [31:24] | 
byte from DAL [23:16] 
byte from DAL [15:08] 
LS _ byte from DAL [07:00] 
80X86: BE3=0, BE2=0, BE1=0, BEO=0 © 
MS byte — from DAL [31:24] 
byte from DAL [23:16] 
byte from DAL [15:08] 
LS byte from DAL [07:00] 
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Transmit/Receive Descriptors: 

LONG-WORD TRANSFER TO/FROM EVEN-WORD 
ADDRESS 

Example: Normal 32-bit descriptor access. 

680X0: SIZ1=0, SIZO=0, A1=0, AO=0 


MS byte to/from DAL [31:24] 
byte to/from DAL [23:16] | 
byte to/from DAL [15:08] 

LS byte to/from DAL [07:00] 


80X86: BE3=0, BE2=0, BE1=0, BEO=0 


MS byte to/from DAL [31:24] 
byte to/from DAL [23:16] 
byte to/from DAL [15:08] 
LS byte to/from DAL [07:00] 


BYTE TRANSFER FROM ODD-BYTE (3 MOD 4) 
ADDRESS 

Example: Read status from RMD1/TMD1. 

680X0: S!Z1=0, SIZO=0, A1=1, A0=1 


MS __ byte from DAL [81:24] 
80X86: BE3=0, BE2=0, BE1=0, BEO=0 
MS byte from DAL [31:24] 


Note: Although all bytes are active, only required bytes 
are used internally. 


BYTE TRANSFER TO ODD-BYTE (3 MOD 4) 
ADDRESS | 
Example: Write status to RMD1/TMD1. 
680X0: SIZ1=0, SIZO=1, A1=1, A0=1 
MS__byte ~— to. —— DAL [31:24] 
80X86: BE3=0, BE2=1, BE1=1, BEO=1 
MS byte to DAL [31:24] 


Transmit/Receive Buffers: 

The examples shown below of transfers of fewer than 4 
bytes to receive buffers assume that there are exactly 
enough bytes left inthe receive buffer’s memory allocation 
to accomodate the particular example. These examples 
are shown to illustrate the states of the bus control signals 
under those circumstances. When the number of bytes to 
be written is determined by the number of remaining 
received packet bytes and not by the available space left 
in the buffer, then the ILACC will write undefined data to 
the remaining unused bytes. in that 32-bit location (as 
long as those unused bytes are part of the current buffer’s 
memory allocation). It is possible that as much as a full 
long-word transfer could be used by the ILACC to trans- 
fer as little as a single byte. 


LONG-WORD TRANSFER TO/FROM EVEN-WORD 


ADDRESS 


Example: 4 bytes in buffer on even-word address. 
680X0: SIZ1=0, SIZ0=0, A1=0, A0=0 


FIFO byten to/from DAL [31:24] 
FIFO byten+1 to/from DAL [23:16] 
FIFO byten+2 to/from DAL[15:08] 
FIFO. byten+3 ~~ to/from DAL [07:00] 
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80X86: BE3=0, BE2=0, BE1=0, BEO=0 
FIFO byten to/from DAL [07:00] 
FIFO byten+1 to/from DAL [15:08] 
FIFO byten+2 to/from DAL [23:16] 
FIFO byten+3 to/from DAL [31:24] 


3-BYTE TRANSFER FROM EVEN-WORD ADDRESS 
Example: 3 bytes in transmit buffer. 
680X0: SIZ1=0, SIZ0=0, A1=0, A0=0 
FIFO byten from DAL [31:24] 
FIFO byten+1 from DAL [23:16] 
FIFO. byten+2 from  _DAL [15:08] 
80X86: BE3=0, BE2=0, BE1=0, BEO=0 


FIFO byten from DAL [07:00] 
FIFO byten+1 from DAL [15:08] 
FIFO byten+2 from DAL [23:16] 


Note: Although all bytes are active, only required bytes 
are used internally. 


3-BYTE TRANSFER TO EVEN-WORD ADDRESS 
Example: Last 3 bytes in receive buffer. 
680X0: SIZ1=1, SIZO=1, A1=0, AO=0 


FIFO byten to DAL [31:24] 
FIFO byten+ 1 to DAL [23:16] 
FIFO byten+2 ~ to DAL [15:08] 


80X86: BE3=1, BE2=0, BE1=0, BEO=0 


FIFO byten to DAL [07:00] 
FIFO byten+1 to DAL [15:08] 
FIFO byten+2 to DAL [23:16] 


3-BYTE TRANSFER FROM ODD BYTE (1 MOD 4) 
ADDRESS 

Example: Last 3 bytes in transmit buffer. 

680X0: SIZ1=0, SIZO=0, A1=0, AO=0 


FIFO byten from DAL[23:16] 

FIFO byte n+1 from DAL[15:8] 

FIFO byte n+2 from DAL[7:0] 
80X86: BE3=0, BE2=0, BE1=0, BEO=0 

FIFO byten from DAL[15:8} 

FIFO byte n+1 from DAL[23:16] 

FIFO byte n+2 from DAL[31:24] 


Note: Although all bytes are active, only required bytes 
are used internally. 


3-BYTE TRANSFER TO ODD BYTE (1 MOD 4) 
ADDRESS 
Example: Last 3 bytes in receive buffer’s allocated 


memory. 
680X0: SIZ1=1, SIZO=1, A1=0, A0=1 

FIFO byten from DAL[23:16] 
FIFO byte n+1 from DAL[15:8] 
FIFO byte n+2 from  DAL[7:0] 

80X86: BE3=0, BE2=0, BE1=0, BEO=1 
FIFO byten from  DAL[15:8] 
FIFO byte n+1 from DAL[23:16] 
FIFO byte n+2 from DAL[31:24] 
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WORD TRANSFER FROM EVEN-WORD ADDRESS 
Example: Last 2 bytes in transmit buffer on even-word 
address. . 
680X0: SIZ1=0, SIZO=0, A1=0, AO=0 
FIFO byten from DAL [31:24] 
FIFO byten+1 from DAL [23:16] 
80X86: BE3=0, BE2=0, BE1=0, BEO=0 
FIFO byten from DAL [07:00] 
FIFO byten+1 from DAL [15:08] 
Note: Although all bytes are active, only required bytes 
are used internally. 


WORD TRANSFER TO EVEN-WORD ADDRESS 
Example: Last 2 bytes in receive buffer on even-word 
address. 
680X0: SIZ1=1, SIZO=0, A1=0, A0=0 
FIFO byten to DAL [31:24] 
FIFO byten+1 to DAL [23:16] 
80X86: BE3=1, BE2=1, BE1=0, BEO=0 
FIFO byten to DAL [07:00] 
FIFO byten+1 to DAL [15:08] 


WORD TRANSFER FROM ODD-WORD ADDRESS 
Example: First 2 bytes in transmit buffer on odd-word 
address. 
680X0: SIZ1=0, SIZO=0, A1=0, AO=0 
FIFO byten from DAL [15:08] 
FIFO byten+1 ~~ from DAL [07:00] 
80X86: BE3=0, BE2=0, BE1=0, BEO=0 
FIFO byten from DAL [23:16] 
FIFO byten+1 — from DAL [31:24] 
Note: Although all bytes are active, only required bytes 
are used internally. 


WORD TRANSFER TO ODD-WORD ADDRESS 
Example: First 2 bytes in receive buffer on odd-word 
address. 
680X0: SIZ1=1, SIZO=0, A1=1, A0=0 
FIFO byten to DAL [15:08] 
FIFO byten+1 to DAL [07:00] 
80X86: BE3=0, BE2=0, BE1=1, BEO=1 
FIFO byten to DAL [23:16] 
FIFO byten+1 to DAL [31:24] 
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BYTE TRANSFER FROM EVEN-WORD ADDRESS 
Example: Last byte in transmit buffer on even-word 
address. 

680X0: SIZ1=0, SIZO=0, A1=0, AO=0 


FIFO byten from DAL [31:24] 
80X86: BE3=0, BE2=0, BE1=0, BEO=0 
FIFO byten from DAL [07:00] 


Note: Although ali bytes are active, only required bytes 
are used internally. 


BYTE TRANSFER TO EVEN-WORD ADDRESS 
Example: Last byte in receive buffer on evenword 
address. 

680X0: SIZ1=0, SIZ0=1, A1=0, A0=0 


FIFO byten to DAL [31:24] 
80X86: BE3=1, BE2=1, BE1=1, BEO=0 
FIFO byten to DAL [07:00] 


BYTE TRANSFER FROM ODD-BYTE (3 MOD 4) 
ADDRESS 

Example: First byte in transmit buffer on odd-byte 
(3 MOD 4) address. 

680X0: SIZ1=0, SIZO=0, Ai=0, AO=0 


FIFO byten from DAL [15:08] 
80X86: BE3=0, BE2=0, BE1=0, BEO=0 
FIFO byten from DAL [23:16] 


Note: Although all bytes are active, only required bytes 
are used internally. 


BYTE TRANSFER TO ODD-BYTE (3.MOD 4) ADDRESS 
Example: First byte in receive buffer on odd-byte 

(3 MOD 4) address. 

680X0: SIZ1=0, SIZO=1, A1=1, AO=1 


FIFO byte n to DAL [15:08] 
80X86: BE3=0, BE2=1, BE1=1, BEO=1 
FIFO byten to DAL [23:16] 


FIFO OPERATIONS 


The FIFO provides temporary buffer storage for data 
being transferred between the parallel bus I/O pins and 
serial bus I/O pins. The capacity of the FIFO is 48 bytes. 
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TRANSMIT 
Data is loaded into the FIFO by the ILACC under micro- 
program control 


During transmission, the ILACC transfers data from the 
FIFO onto the network via an external transceiver (and 
optional external SIA). Once the FIFO has been emptied 
to the point where fewer than 33 bytes remain in the FIFO 
(or transmit data has yet to be loaded into the FIFO prior 
to transmission), the ILACC will request the bus by 
asserting HOLD/BUSREQ. The ILACC will start sending 
the preamble (provided the network is quiet) as soon as 
the first transmit data byte is loaded into the FIFO. Should 
the transmitter be required to back off, there will be up to 
48 bytes of data in the FIFO ready for transmission once 
the network again becomes quiet. Reception has priority 
over transmission during the time that the transmitter is 
backing off. 


RECEIVE 

Data is received from the network via an external trans- 
ceiver (and optional external SIA) and is transferred into 
the FIFO under microprogram control. Once the FIFO 
has filled to the point where more than 16 bytes are 
stored, the ILACC will request the bus by asserting 
HOLD/BUSREQ. Preamble (including the synchroniza- 
tion bits) is not loaded into the FIFO. | 
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Serial Interface 

The ILACC has two serial interfaces: 

¢ General Purpose Serial Interface 

°* IEEE 802.3 Attachment Unit Interface (AUI) 


GENERAL PURPOSE SERIAL INTERFACE 

This is provided to allow alternate clock/data encoder 
transceivers. When the GPSI port is not in use 
(PORTSEL = 0, CSR15 bit 8), all inputs should be tied 
low and all outputs should be left floating. 


SERIAL INTERFACE ADAPTER 


This is a Manchester Encoder/line driver in the transmit . 


path, a Manchester Decoder with noise filtering and 
quick lock-on characteristics in the receive path and a 
signal detect/converter in the collision path. In addition, 
the integral SIA provides the interface between the 
CMOS logic environment of the controller and the differ- 
ential signaling environment of the transceiver. 


SIA-Controller Interface 

Since the ILACC incorporates the facilities of both the 
LANCE (Am7990) and SIA (Am7992A), the interface 
signals which previously appeared as hardwired pins 
are now internal. 


To more easily understand the operation of the ILACC, 
this internal interface is described as a set of signals, 
defined as follows: 


Internal Receive Enable (IRENA) — An output from the 
SIA to the controller section to indicate carrier presence. 
IRENA goes active when there is a negative transition 
on Dl+ that is more negative than the amplitude 
“Squelch Limit” and meets the pulse width require- 
ments of the input filtering. IRENA goes inactive within 2 
bit times of the last positive transition at DI+. 


Internal Receive Clock (IRCLK) — The recovered clock 
from the differential input at DIt. An output from the SIA 
block to the controller section to clock in the serial bit 
stream. IRCLK is activated 1/4 bit time after the second 
negative Manchester preamble clock transition at Di+ 
and remains active until the end of message. 


Internal Receive Data (IRXD) — The recovered serial 
data stream from the SIA block to the controller section 
of the ILACC. When IRENA is active, signals at Di+ 
meeting threshold and pulse width requirements will be 
clocked in by IRCLK and passed to the controller sec- 
tion of the ILACC. 


Internal Transmit Enable (ITENA) — Identical in func- 
tion to the RTS output. It is asserted (high) by the 
controller section to indicate that serial data is available 
for encoding and driving DO+. 
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internal Transmit Clock (ITCLK) — An output from the 
SIA block to the controller section to clock out the serial 
bit stream and permit output data to be encoded. 


Internal Transmit Data (ITXD) — The serial bit stream 
output from the controller section. When ITENA is = ac- 
tive, signals at 1TXD will be clocked out by ITCLK and 
appear as Manchester encoded data at the DO+ outputs. 


Internal Collision Detect (ICLSN) — ICLSN is an out- 
put from the SIA block to the controller section. When 
signals at the Cl+ differential inputs are driven by an 
external transceiver to indicate a collision, ICLSN will go 
high. 


Transmit Path 

The transmit section encodes separate clock and NRZ 
data input signals into a standard Manchester Serial bit 
stream. The transmit outputs (DO+) are designed to 
operate into terminated transmission lines. When oper- 
ating into a 78-ohm terminated transmission line, signal- 
ing meets the required output levels and skew for Ch- 
eapernet, Ethernet and IEEE-802.3. 


Transmitter Timing and Operation 

A 20-MHz fundamental mode crystal oscillator provides 
the basic timing reference (XCLK) for the SIA portion of 
the ILACC. It is divided by two to create the internal 
transmit clock reference (ITCLK). Both XCLK and 
ITCLK are fed into the SIA’s Manchester Encoder to 
generate the transitions in the encoded data stream. 
ITCLK is used by the SIA to internally synchronize the 
Internal Transmit Data (ITXD) from the controller and 
Internal Transmit Enable (ITENA). ITCLK is also used 
as a Stable bit rate clock by the receive section of the 
SIA and controller. 


The oscillator requires an external 0.005% crystal or an 
external CMOS-level input as a reference. Transmit 
accuracy of 0.01% is achieved (no external adjustments 
are required). 


Transmission is enabled by the controller. As long as 
the ITENA request remains active, the serial output of 
the controller will be Manchester-encoded and appear 
at DO+ and DO-. When the internal request is dropped 
by the controller, the differential transmit outputs go to 
one of two idle states dependent on TSEL in the Mode 
Register (CSR15, bit 9): 


1. TSEL LOW: The idle state of DO+ yields “zero” 
differential to operate transformer-coupled loads. 


2. TSEL HIGH: In this idle state, DO+ is positive with 
respect to DO- (logical HIGH). 
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SIA Oscillator 
External Crystal Characteristics 
When using a crystal to drive the oscillator, the following 


crystal specification should be used to ensure less than 
+0.5 ns jitter at DO+. 


1. Parallel Resonant Frequency 
2. Resonant Frequency Error (CL = 50 pF) 
3. Change in Resonant Frequency 
With Respect To Temperature (CL = 50 pF) 
4. Motional Crystal Capacitance (C1) 
5. Series Resistance 
6. Shunt Capacitance 
7. Drive Level 
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Max 


Min Nom Units 
20 MHz 
—50 0 +50 PPM 
—40 +40 PPM 
0.022 pF 
35 Q 
7 pF 


Crystal Manufacturers include: Reeves-Hoffman P/N 04-20423-312 
Epson P/N MA-506-20.0M-50PF (surface mount crystal) 


External Clock Drive Characteristics 

When driving the oscillator from an external clock 
source, XTAL2 must be left floating (unconnected). An 
external clock having the following characteristics must 
be used to ensure less than +0.5 ns jitter at DO+. 


Clock Frequency: 
Rise/Fall Time (tRAF): 


XTAL1 HIGH/LOW Time (tHIGHALOW): 
XTAL1 Falling Edge to Falling Edge Jitter: 


20 MHz +0.01% 

<2 ns from 0.8 V to 2.0 V 
40 - 60% duty cycle 

< +0.2 ns at 2.5 V input 


Receiver Path 7 

The principle functions of the Receiver are to signal the 
ILACC that there is information on the receive pair and 
separate the incoming Manchester encoded data 
stream into clock and NRZ data. 


The Receiver section (see Receiver Block Diagram) 


= DATA 
RECEIVER 


NOISE 
REJECT 
FILTER 


consists of two parallel paths. The receive data path is a 
zero threshold, wide bandwidth line receiver. The car- 
rier path is an offset threshold bandpass detecting line 
receiver. Both receivers share common bias networks 
to allow operation over a wide input common mode 
range. 


MANCHESTER 
DECODER 


CARRIER 
DETECT 
CIRCUIT 


IRXD 
IRCLK 


IRENA 


10594-006B 


Receiver Block Diagram 
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Input Signal Conditioning 

Transient noise pulses at the input data stream are 
rejected by the Noise Rejection Filter. Pulse width rejec- 
tion is proportional to transmit data rate. DC inputs more 
positive than minus 100 mV are also suppressed. 


The Carrier Detection circuitry controls the stop and 
start of the phase-locked loop during clock acquisition. 
Clock acquisition requires a valid Manchester bit pattern 
of 1010 to lock onto the incoming message (see _ _Re- 
ceive Timing — Start of Reception Clock Acquisition 
waveform diagram). 


When input amplitude and pulse width conditions are 
met at Di+, the internal enable signal from the SIA to 
controller (IRENA) is asserted and a clock acquisition 
cycle is initiated. : 


Clock Acquisition 

When there is no activity at Dl+ (receiver is idle), the 
receive oscillator is phase locked to ITCLK. The first 
negative clock transition after IRENA is asserted inter- 
rupts the receive oscillator. The oscillator is then re- 
started at the second Manchester “0” (bit time 4) and is 
phase locked to it. As a result, the SIA acquires the 
clock from the incoming Manchester bit pattern in 4 bit 
times with a “1010” Manchester bit pattern. 


IRCLK and IRXD are enabled 1/4 bit time after clock 
acquisition in bit cell 5. IRXD is at a HIGH state when 
the receiver is idle (no IRCLK). IRXD, however, is unde- 
fined when clock is acquired and may remain HIGH or 
change to LOW state whenever IRCLK is enabled. At 
1/4 bit time through bit cell 5, the controller portion of the 
ILACC sees the first IRCLK transition. This also strobes 
in the incoming fifth bit to the SIA as Manchester “1”. 
IRXD may make a transition after the IRCLK rising edge 
in bit cell 5, but its state is still undefined. The Man- 
chester “1” at bit 5 is clocked to IRXD output at 1/4 bit 
time in bit cell 6. 


PLL Tracking 

After clock acquisition, the phase-locked clock is com- 
pared to the incoming transition at the bit cell center 
(BCC) and the resulting phase error is applied to a 
correction circuit. This circuit ensures that phase-locked 
Clock remains locked on the received signal. Individual 
bit cell phase corrections of the Voltage Controlled Os- 
cillator (VCO) are limited to 100% of the phase differ- 
ence between BCC and phase-locked clock. Hence, 
input data jitter is reduced in RCLK by 10 to 1. 


Carrier Tracking and End of Message 

The carrier detection circuit monitors the Dit inputs 
after IRENA is asserted for an end of message. IRENA 
deasserts 1 to 2 bit times after the last positive transition 
on the incoming message. This initiates the end of 
reception cycle. The time delay from the last rising edge 
of the message to IRENA deassert allows the last bit to 
be strobed by IRCLK and transferred to the controller 
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section but prevents any extra bit(s) at the end of mes- 
sage. When IRENA deasserts (see Receive Timing-End 
of Reception (Last Bit = 0) and Receive Timing-End of 
Reception (Last Bit = 1) waveform diagrams) an IRENA 
hold off timer inhibits IRENA assertion for 1 to 2 bit times. 


Data Decoding 

The data receiver is a comparator with clocked output to 
minimize noise sensitivity to the Dit inputs. Input error 
is less than +/- 35 mV to minimize sensitivity to input rise 
and fall time. IRCLK strobes the data receiver output at 
1/4 bit time to determine the value of the Manchester bit 
and clocks the data out on IRXD on the following IRCLK. 
The data receiver also generates the signal used for 
phase detector comparison to the internal SIA VCO. 


Differential Input Termination 

The differential input for the Manchester data (DI+) is 
externally terminated by two 40.2 ohm +1% resistors 
and one optional common-mode bypass capacitor if di- 
rect coupling is used (as shown in theDifferential Input 
Termination diagram below). Thedifferential input imped- 
ance, Zipf, and the common-mode input impendance, 
Zicm> are specified so that the Ethernet specification for 
cable termination impedance is met using standard 1% 
resistor terminators. The Cl+ differential inputs are termi- 
nated in exactly the same way as the DI+ pair. 
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Differential Input Termination 


Collision Detection 

A transceiver detects the collision condition on the net- 
work and generates a differential signal at the Cl+ in- 
puts. This collision signal passes through an input stage 
which detects signal levels and pulse duration. When 
the signal is detected by the SIA it sets the ICLSN line 
HIGH. The condition continues for approximately 1.5 bit 
times after the last LOW-to-HIGH transition on Cl+. 


Jitter Tolerance Definition 

The Receive Timing-Start of Reception Clock Acquisi- 
tion waveform diagram shows the internal timing rela- 
tionships implemented for decoding Manchester data in 
the SIA module. The SIA utilizes a clock capture circuit 
to align its internal data strobe with an incoming bit 
stream. The clock acquisition Circuitry requires four 
valid bits with the values 1010. Clock is phase locked to 
the negative transition at the bit cell center of the sec- 
ond “0” in the pattern. 
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Since data is strobed at 1/4 bit time, Manchester transi- 


tions which shift from their nominal placement through 


1/4 bit time will result in improperly decoded data. With 
this as the criteria for an error, a definition of “Jitter 
Handling” is: 


The peak deviation approaching or crossing 1/4 bit cell 
position from nominal input transition for which the SIA 
will properly decode data 


Data Flow Overview 


DESCRIPTOR RING ACCESS MECHANISM — 
DETAILED DESCRIPTION 

At initialization the ILACC will have read the base ad- 
dress of both the transmit and receive descriptor rings. 
These will be stored in CSRs for use by the ILACC 
during subsequent operation (CSR24, 25 = Base Address 
of Rx Ring, CSR30, 31 = Base Address of Tx Ring). 


With the ILACC started and the transmit and receive 
functions enabled, the base address of each ring will be 
loaded into the current descriptor address registers 
(CSR28, 29 = Current Address of Rx Ring, CSR34, 35 = 
Current Address of Tx Ring). 


The address of the next descriptor in the transmit and 
receive rings will be computed and loaded into CSR26, 
27 (Next Address of Rx Ring) and CSR32, 33 (Next 
Address of Tx Ring). 


Polling: 

When there is no channel activity and there is no pre or 
post receive or transmit activity being performed by the 
ILACC, the ILACC will periodically poll the current re- 
ceive and transmit descriptor entries in order to ascer- 
tain their ownership. 


A typical polling operation consists of the following: the 
ILACC will use the current receive descriptor address 
stored internally to vector to the appropriate Receive 
Descriptor Table Entry (RDTE). It will then use the 
current transmit descriptor address (stored internally) to 
vector to the appropriate Transmit Descriptor Table En- 
try (TDTE). These accesses will be made to RMDO and 
RMD1 of the current TDTE at periodic polling intervals. 
The accesses will be performed as dual-cycle DMA 
transfers which are described in the BUS MASTER 
CYCLES section. In one duai-cycle DMA transfer, 
RMDO will be read followed by RMD1. Following that 
operation, another dual-cycle DMA transfer will be ex- 
ecuted with TMDO and TMD1 being read in that order. 
All information collected during polling activity will be 
stored internally in the appropriate CSRs (CSR18, 19, 
40, 20, 21, 42, 50, and 52). 


A typical polling operation is the product of the following 
conditions: The RDTE access is only performed if the 
ILACC does not possess ownership of the current 
RDTE. The TDTE access is only performed if the ILACC 
does not possess ownership of the current TDTE. Addi- 
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tionally, if RXON=0, the ILACC will never poll RDTE 
locations. Similarly, if TXON=0, the ILACC will never 
poll TDTE locations. It should be noted that the typical 
system should always have at least one RDTE available 
for the possibility of an unpredictable receive event. 
Given that this condition is -satisfied, the RDTE poll 
would rarely be seen and hence, the typical poll opera- 
tion simply consists of a check of the current TDTE. 


The poll time interval is nominally defined as 32 768 
BCLK periods, however the poll time register is con- 
trolled internally by microcode so any other microcode 
controlled operation will interrupt the incrementing of 
the poll count register. For example, when a receive 
packet is accepted by the ILACC, the device suspends 
execution of the poll-time-incrementing microcode so 
that a receive microcode routine may instead be exe- 
cuted. Poll-time-incrementing code is resumed when 
the receive operation has completely finished. (Note, 
however, that following the completion of any receive or 
transmit operation, an obligatory poll operation will al- 
ways be performed). The poll time count register is 
never reset. 


Setting the TDMD bit of CSRO will cause the microcode 
controller to exit the poll counting code and immediately 
perform a polling operation. If RDTE ownership has not 
been previously established, then an RDTE poll will be. 

performed ahead of the TDTE poll. | 


Transmit Descriptor Table Entry (TDTE) 

lf, after a TDTE access, the ILACC finds that the OWN 
bit of that TDTE is not set, then the ILACC resumes the 
poll time count and reexamines the same TDTE at the 
next expiration of the poll time count. Note that the 
information collected during the previous poll remains in 
the device unused. 


If the OWN bit of the TDTE is set but STP=0, the ILACC 
will immediately request the bus in order to reset the 
OWN bit of this descriptor. This condition would nor- 
mally be found following a LCOL or RETRY error that 
occurred in the middle of a transmit packet chain of 
buffers. After resetting the OWN bit of this descriptor, 
the ILACC will again immediately request the bus in 
order to access the next TDTE location in the ring. 


If the OWN bit is set and the start of packet (STP) bit is 
set, then microcode control proceeds to a routine that 
will enable transmit data transfers to the FIFO. 


If the transmit buffers are data chained (ENP=0 in the 
first buffer), then the ILACC will look ahead to the next 
transmit descriptor after it has performed at least one 
transmit data transfer from the first buffer. (More than 
one transmit data transfer may possibly take place de- 
pending upon the state of the transmitter.) The transmit 
descriptor lookahead operation is performed as a dual- 
cycle DMA with TMDO being read first and TMD1 last. 
The contents of TMDO and TMD1 will be stored in the 
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appropriate CSR locations, i.e. next RX/TX Buffer Ad- 
dress (CSR22, 23), next RX/TX Byte Count (CSR44), 
and next RX/TX Status (CSR54), regardless of the state 
of the OWN bit. This transmit descriptor lookahead op- 
eration is performed only once. There will be no second 
chance. 


lf the ILACC does not own the next TDTE (i.e. the 
second TDTE for this packet), it will complete transmis- 
sion of the current buffer and update the status of the 
current (first) TDTE with the BUFF and UFLO bits being 
set. This will cause the transmitter to be disabled 
(CSRO, TXON=0). The ILACC will have to be re-initial- 
ized to restore the transmit function. The situation that 
matches this description implies that the system has not 
been able to stay ahead of the ILACC in the transmit 
descriptor ring, and, therefore, the condition is treated 
as a fatal error. (To avoid this situation, the system 
should always Set the transmit chain descriptor own bits 
in reverse order.) 


If the ILACC does own the second TDTE ina chain, it will 
gradually empty the contents of the first buffer (as they 
are needed by the transmit operation), perform a single- 
cycle DMA transfer to update the status (reset the OWN 
bit in TMD1) of the first descriptor, and may perform one 
data DMA access on the next buffer in the chain before 
executing another lookahead operation. (i.e. a 
lookahead to the third descriptor , if the ENP has not yet 
been found.) 


In the case where the ENP bit has been found in a 
descriptor, no more lookahead accesses will be per- 
formed. This condition applies regardless of whether the 
transmit packet is contained in a single buffer or is 
chained. 


The ILACC will commence to DMA transfer the remain- 
ing transmit buffer data into the FIFO, and once the 
packet has been successfully transmitted will write to 
TMD2 and TMD1 (in that order), updating the status and 
OWN bits. 


lf an error occurs in the transmission before all of the 
bytes of the current buffer have been transferred, a dual- 
cycle DMA transfer will be executed in order to write to 
TMD2 and TMD1 (in that order) of the current buffer. In 
that case, data transfers from the next buffer will not 
commence. Instead, following the TMD2/TMD1 update, 
the ILACC will return to the polling microcode where it will 
immediately access the next descriptor and find the con- 
dition OWN=1 and STP=0 as described earlier. As de- 
scribed for that case, the ILACC will reset the own bit for 
this descriptor and continue in like manner until a de- 
scriptor with OWN=0 (no more transmit packets in the 
ring) or OWN=1 and STP=1 (the first buffer of a new 
packet) is reached. 


At the end of any transmit operation (i.e. either success- 


ful or with errors) and the completion of the descriptor 
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updates, the ILACC will always perform another poll 
operation. As described earlier, this poll operation will 
begin with a check of the current RDTE unless the ILACC 
already owns that descriptor. The ILACC will proceed to 
polling the next TDTE. If the transmit descriptor OWN bit 
has a zero value the ILACC will resume poll time count 
incrementing. If the transmit descriptor OWN bit has a 
value of ONE, the ILACC will begin filling the FIFO with 
transmit data and initiate a transmission.This end-of- 
operation poll avoids inserting poll time counts between 
successive transmit packets. 


Whenever the ILACC completes a transmit packet (ei- 
ther with or without error) and writes the status informa- 
tion to the current descriptor, the TINT bit of CSRO is set 
to indicate the completion of a transmission. This causes 
an interrupt signal if the INEA bit of CSRO has been set 
and the TINTM bit of CSR is reset. 


When transmit packets are not chained, ENP=1 is found 
in the first descriptor for the packet and no transmit 
descriptor lookahead will be performed. 


Receive Descriptor Table Entry (RDTE) 

lf a poll operation has revealed that the current Receive 
Descriptor Table Entry is not owned by the ILACC, the 
ILACC will continue to poll the current RDTE according to 
the polling sequence described above. The RMDO and 
RMD1 information that was gathered during the poll 
operation will remain on the device unused. 


lf a poll operation has revealed that the current RDTE 
belongs to the ILACC, additional poll accesses to the 
current RDTE are not necessary. Future poll operations 
will not include RDTE accesses as long as the ILACC 
retains ownership of the current RDTE. 


When receive activity is present on the channel, the 
ILACC waits for the complete address of the message to 
arrive. It then decides whether to accept or reject the 
packet based on all active addressing schemes. If the 
packet is accepted, the ILACC checks the ownership of 
the current buffer, as stored internally. 


If ownership is lacking, then the ILACC will immediately 
perform a poll of the current RDTE. This poll of the 
current RDTE will be a dual-cycle transfer, reading 
RMD1 and RMDO (in that order). If ownership is still 
denied, the ILACC has no buffer in which to store the 
incoming message. The MISS bit will be set in CSRO; An 
interrupt will be generated if INEA=1 (CSRO0) and 
MISSM=0 (CSR3). Another poll of the current RDTE will 
not occur until the packet has finished. 


lf the ILLACC sees that the last poll (either a normal poll, or 
the last-ditch effort described in the above paragraph) of 
the current RDTE shows valid ownership, the ILACC will 
perform a normal lookahead operation of the next RDTE, 
reading RMD1 and RMDO0 (in that order). Following this 
lookahead poll, transfers of the receive FIFO data may 
begin. 
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Regardless of ownership of the second receive descrip- 
tor, the ILACC will continue to perform receive data 
DMA transfers to the first buffer using burst-cycle DMA 
transfers. If the packet length exceeds the length of the 
first buffer and the ILACC does not own the second 
buffer, ownership of the current descriptor will be 
passed back to the system by writing a zero to the OWN 
bit of RMD1 and status will be written indicating buffer 
(BUFF=1) and possibly overflow (OFLO=1) errors. 


If the packet length exceeds the length of the first (cur- 
rent) buffer and the ILACC does own the second (next) 
buffer, and when the first buffer is full, ownership will be 
passed back to the system by writing a zero to the OWN 
bit of RMD1. Receive data transfers to the second buffer 
may occur before the ILACC proceeds to look ahead to 
the ownership of the third buffer. Such action will depend 
upon the state of the FIFO when the status has been 
updated on the first descriptor. In any case, lookahead will 
be performed to the third buffer and the information gath- 
ered will be stored in the chip regardless of the state of 
the ownership bit. As in the transmit flow, lookahead 
operations are performed only once for each descriptor. 
There will be no second chance. 


This activity continues until the ILACC recognizes the 
completion of the packet (the last byte of this receive 
message has bee removed from the FIFO). The ILACC 
will subsequently update the current RDTE by writing to 
RMD2 and RMD1 (in that order). This operation updates 
the ENP bit, message byte count (MCNT), runt packet 
count (RPC), and the receive collision count (RCC). The 
ILACC will then overwrite the ‘current’ entries inthe CSRs 
with the ‘next’ entries. 


lf after the last byte of data has been read out of the 
FIFO, the packet is detected to be a runt, the "current" 
buffer address and status in the RDTE are not updated, 
and the "current" CSRs are reloaded with the "backup" 
CSR values. The runt packet data buffer will be overwrit- 
ten by the next received message data. 


SERIAL TRANSMISSION 
Serial transmission consists of sending an unbroken bit 
stream from either the TxD output or DO+ pair consisting of: 


1. Preamble/Start Frame Delimeter (SFD): 56 bits 
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(7 bytes) of alternating ONES and ZEROES terminat- 
ing with the 8-bit (1-byte) SFD sequenceof 10101011. 


2. Data: The serialized byte stream from the FIFO 
shifted out with the LSB first. 


3. CRC: The inverted 32-bit polynomial calculated from 
the data, address, and type fields, shifted out with the 
MSB first. The CRC is not transmitted if: 


a. Transmission of the data field is truncated for 
any reason. 


b. Clt becomes active at any time during trans- 
mission. 


c. DTCR = 1 (CSR15, bit 03) in a normal or 
loopback transmission mode. 


The transmission is indicated at the general purpose Serial 
interface by the assertion of RTS with the first bit of the 
preamble and the negation of RTS after the last transmit- 
ted bit. 


The ILACC starts transmitting the preamble when the 
following are satisfied: 


1. The buffer managment unit of the ILACC has 
determined that there is a pending transmission. 

2. The interpacket gap time (IPG) has elapsed. 

3. The backoff interval has elapsed, if a retransmission 
is required. 


SERIAL RECEPTION 


Serial reception consists of receiving an unbroken bit 


stream on the RxD input or Dl+ pair consisting of: 


1. Preamble/SFD: The two consecutive ONES of the 
SFD occurring a minimum of 8 bit times after the 
carrier is detected (assertion of internal or external 
Carrier Sense) commence the serial to parallel 
conversion process and movement of the receive. 
bit stream into the FIFO. 

2. Data: The serialized byte stream following the 
Destination Address. The last four complete bytes 
of data are the CRC. The Destination Address and 
the Data are framed into bytes and enter the FIFO. 
Source Address and Length/Type field are part of 
the data which are transparent to the ILACC. 


PREAMBLE es ae ah ane TYPE DATA 
1010...1010 


Bis . BITS BYTES 


BYTES 


46-1500 


BYTES ; BYTES BYTES 


Ethernet Frame Format 


PREAMBLE SYNCH DEST. attic LENGTH 
1010...1010} 10101011 BOR ADDR 


BITS BITS BYTES BYTES 


BYTES Saas aad 500 BYTES 
BYTES i 
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IEEE 802.3 MAC Frame Format 
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Reception is indicated at the general purpose serial 
interface by the assertion of CRS and the presence of 
clock on RxC while RTS is inactive. The ILACC does 
not sample the received data until about 8 bit times (800 
ns for 10-MHz operation) after CRS goes high. Note 
that the receive process will be aborted if two consecu- 
tive ZEROES occur during the preamble/SFD se- 
quence prior to the two ONES pattern within the SFD. 


FRAME FORMATTING 

The ILACC performs the encapsulation/decapsulation 
function of the data link layer (2nd layer of ISO model) as 
follows: 


Transmit 

In transmit mode, the user must supply the Destination 
Address, Source Address, and Length/Type fields as 
part of the data field in the transmit buffer memory. The 
ILACC will append the preamble, SFD (or synchroniza- 
tion bits), and CRC (Frame Check Sequence) to the 
frame as is shown in the figures below. 


Receive 

In receive mode, the ILACC strips off the preamble and 
SFD (or synch bits) and transfers the rest of the frame, 
including the four CRC bytes, to memory. The ILACC will 
discard packets with less than 64 bytes (runt packet) and 
will reuse the receive buffer for the next packet. This is 
the only case where the packet data is discarded. A runt 
packet is normally the result of a collision. 


Error Reporting and Diagnostics 


Extensive status reporting and diagnostics are provided 
by the ILACC. 


Error Reporting 

Error conditions reported relate either to the network as 
a whole or to the individual node. Network error and 
status information is reported in the ILACC internal 
CSRs, and also within the message buffer descriptors 
passed between the ILACC and the host or user. 


Node Errors Include: 


Babbling Transmitter — Transmitter attempting to 
transmit more than 1518 bytes. 

Collision — Collision detection circuitry nonfunctional. 

Missed packet — |nsufficient buffer space. 

Memory time-out —- Memory response failure. 

Overflow — The receiver has lost all or part of the 
incoming packet due to overflow of internal FIFO. 

Buffer error — The receiver or transmitter does not own 
the next buffer when data chaining. 

Underflow —When transmitting, the FIFO has emptied 
before the end of the packet was loaded into the ILACC. 
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Network Related Errors: 

Framing — Packet did not end on a byte boundary. 

CRC —ACRC error was detected on the incoming 
packet. 

Receive Collision Count — Counts collisions on the 
network between any two receive packets. 

Runt Packet Count — Counts undersize packets on the 
network between any two received packets. 


Transmit Collision Count — Counts the number of 
retrys to send an individual packet. 


The ILACC performs several diagnostic routines which 
enhance the reliability and integrity of the system. 
These include a CRC logic check and two loopback 
modes (internal/external). Errors may be introduced 
into the system to check error detection logic. A Time 
Domain Reflectometer is incorporated into the ILACC to 
aid the location of cable faults. Short or open circuit 
conditions manifest themselves in reflections which are 
sensed by the TDR. 


FRAMING ERROR (DRIBBLING BITS) 

The ILACC can handle up to 7 dribbling bits when a 
received packet terminates. During the reception, the 
CRC is generated on every serial bit (including the 
dribbling bits) coming from the cable although the inter- 
nally saved CRC value is only updated on the eighth bit 
(on each byte boundary). The framing error is reported 
to the user as follows: 


1. If the number of the dribbling bits are 1 to 7 and there 
is no CRC error, there is no Framing error (FRAM = 0). 


2. \If the number of the dribbling bits are less than 8 and 
there is a CRC error, there is also a Framing error 
(FRAM = 1). 


3. If the number of the dribbling bits = 0, there is no 
Framing error. There may or may not be aCRC error. 


LOSS OF CARRIER 

After the ILACC initiates a request for transmission 
(either internally to the embedded SIA, or externally via 
the RTS output), it will expect to see a “carrier sense” 
returned from the internal SIA or the external trans- 
ceiver (CRS should become active when the general 
purpose serial interface is used). The “carrier sense” 
signal must be asserted during the time that the request 
to send is active. If “carrier sense” does not become 
active in response to the request or becomes inactive _ 
before the end of transmission, the LCAR (loss of car- 
rier) error bit will be set in TMD2 after the packet has 
been transmitted. 
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Loopback 

The normal operation of the ILACC functions as a half- 
duplex device. However, a pseudo-full duplex mode is 
provided for on-line operational test of the ILACC. In this 
configuration, simultaneous transmission and reception of 
a loopback packet is enabled with the following con- 
straints: 


1. The packet length must be no longer than 41 bytes 
with DTCR=0 and 45 bytes with DTRC=1. If the 
transmit packet size exceeds the recommended 
length, LBE is set to indicate an overwrite in the 
FIFO. 


2. Serial transmission does not begin until the FIFO 
contains the entire output packet. 


3. Moving the input packet from the FIFO to the 
memory does not begin until the serial input bit 
stream terminates. 

4. The CRC may be generated and appended to the 
output serial bit stream or may be checked on the 
input serial bit steam but not both in the same 
transaction. 

. The packets should be addressed to the node itself. 

6. During normal loopback, all address schemes 
remain valid. 

7. Multicast addressing can be used only when 
DTCR = 1 (CSR15 bit 3). In this case, the user 
needs to append the CRC bytes. 

8. Ordinary receive activity will be ignored. 


Loopback is controlled by INTL, DTCR, and LOOP 
(CSR15 bits 6, 3, 2). 


Loop INTL Function 
0 X No loopback, normal operation 
1 0 External loopback 
1 1 Internal 


Interpacket Gap Time (IPG) 

General Purpose Serial Interface 

The IPG time is 96 network data bit times (9.6 microsec- 
onds). The interpacket gap time for back-to-back trans- 
mission is 96 to 106 network data bit times, including 
synchronization. The interpacket delay interval begins 
immediately after the negation of the CRS signal. 


In the following paragraphs, the network data rate is 
assumed to be 10MHz. 


Following receive activity, the IPG count will begin 
when CRS falls. If at any time during the first part of the 
IPG (the first 6.0 microseconds) CRS is reasserted, 
then the IPG count will be reset to zero. The counter is 
restarted when CRS falls again. If CRS is asserted 
during the second part of the IPG (after the first 6.0 
microseconds), then the IPG count will NOT be reset 
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but will instead proceed as scheduled to 9.6 microsec- 
onds. More succinctly stated, CRS activity in the first 
part of the IPG will cause the counter to be reset. CRS 
activity in the second part of the IPG will not cause the 
counter to be reset. This is the two part deferral process 
outlined in the ANSI/IEEE Std 802.3 1990-09-21 specifi- 
cation section 4.2.8. (The newly arriving data will be 
examined for preamble, sync and address, and will be 
accepted if the packet address matches the station's.) 


Following transmit activity, the IPG count will begin 
when CRS falls. For the first 4.0 microseconds of the 
IPG CRS activity will be ignored to allow the passing of 
the SQE test signal. After the expiration of this SQE 
window (ANSI/IEEE Std 802.3 section 7.2.4.6), the 
ILACC will again accept receive activity examining in- 
coming bit streams for preamble, sync and addressing 
information. However, the IPG counter will proceed to 
the 9.6 microsecond value regardless of the new CRS 
activity (deference process, section 4.2.8), and, if an- 
other transmission is pending during this time, the trans- 
mission will commence at the expiration of the current 
IPG count regardless of the state of CRS. In other 
words, following a transmission there is no distinction 
made between the first and second parts of the IPG with 
respect to CRS activity. The IPG counter always counts 
directly to 9.6 microseconds with no interruptions begin- 
ning with the fall of CRS(section 4.2.8). 


Asserting the optional Transmit Two Part Defer bit in 
CSR3 (TX2PTDFR) will cause the counting of the IPG 
following transmit operations to be similar to that of the 
receive case except that the SQE window will still be in 
place following transmit activity. In other words, assert- 
ing TX2PTDFR will allow CRS activity to reset the IPG 
counter during the first part of the IPG count when it 
follows a transmission (with the caveat that CRS is 
masked internally for the first 4.0 microseconds of the 
IPG count due to the SQE window). This has the affect 
of allowing IPG reset after transmit only between 4.0 
and 6.0 microseconds following transmission when 
TX2PTDFR is set. The TX2PTDFR bit is provided as an 
option. Implementation of TX2PTDFR is not currently 
included in the ANSI/IEEE 802.3 standard. 


Following either the de-assertion of the previous recep- 
tion's CRS or the expiration of the SQE window follow- 
ing a transmission, the ILACC can begin examining a 
new incoming packet. After the assertion of CRS and 
the start of RXC, about 8 bit times will be required 
before the ILACC starts to look for the sync bits (011). If 
CRS is asserted during the 4.0 microsecond SQE win- 
dow following a transmission and remains asserted at 
the expiration of the SQE window, any of the following 
scenarios are possible: If 10 bits of preamble plus the 
sync bit occur after the SQE window expires, the ad- 
dress portion of the message will be examined for a 
match. If there is not enough preamble left in the mes- 
sage at the end of the SQE window to satisfy the 10 bit 
requirement, the ILACC will respond in one of two ways. 
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Either a 011 sequence of bits will appear in the mes- 
sage as the receive function is enabled and the receiver 
will believe’ that it has just found the sync bit, or a 00 
sequence of bits will be found and the ILACC will com- 
pletely ignore the rest of the incoming message just as 
though there occurred an address mismatch. In the 
case where 011 is found, if the next six bytes of data 
manage to be interpreted as a correct address match 
(through perhaps logical addressing or promiscuous 
addressing), the remaining data will be received and (if 
not a runt) will be stored in a buffer in memory. How- 
ever, it is very likely that CRC error and possibly the 
FRAM error will be indicated for this packet. 


If receive activity begins in the second part of the IPG as 
detected by the ILACC and there exists a pending trans- 
mission, the ILACC will ignore the receive activity since 
at the expiration of IPG the pending transmission will be 
broadcast onto the network as specified in the ANSI/ 
IEEE spec (see section 4.2.8). (There is no need to 
accept the receive activity in this case since the ILACC 
can predict that it will begin transmission and cause 
collision with the receive packet.) 


internal SIA Interface 

The timing of the integrated SIA is identical to that 
described above. However, no external signals are 
available to indicate the start of the IPG time out. 


COLLISION DETECTION AND COLLISION JAM 


General Purpose Serial Interface | 

Collisions are detected by monitoring the CDT pin. If 
CDT becomes asserted during a frame transmission, 
RTS will remain asserted for at least 32 (but not more 
than 40) additional bit times (including CDT synchroni- 
zation). This additional transmission after collision de- 
tection is referred to as COLLISION JAM. If collision 
occurs during the transmission of the preamble, the 
ILACC continues to send the preamble and sends the 
32-bit JAM pattern following the preamble. If collision 
occurs after the preamble, the ILACC will send the JAM 
pattern following the transmission of the current byte. 
The JAM pattern is any pattern except the CRC bytes. 


Internal SIA Interface 

When using the SIA interface, collisions are detected by 
monitoring the differential Cl+ signals returned from the 
bus transceiver. JAM is issued the same way as Gen- 
eral Purpose Serial Interface. 


Receive-Based Collision 

lf CDT or Cit (serial interface dependent) is asserted 
during the reception of a packet, the reception is imme- 
diately terminated. If a collision occurs within 6 byte 
times (4.8 ms at 10M bit/s network data rate), the packet 
will be rejected because of an address mismatch and 
the FIFO write pointer will be reset. If a collision occurs 
within 64 byte times (51.2 ms at 10M bit/s), the packet 
will be rejected since it is a runt packet. If a collision 
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occurs after 64 byte times (late collision), this will result 
in a truncated packet being written to the memory 
buffer. The CRC and FRAM bits may be set, and the 
MCNT will not match the length given in the length field. 


Transmit-Based Collision 

When a transmission attempt has been terminated due 
to the assertion of CDT or Cl+ (a collision that occurs 
within 64 byte times), the ILACC will retry the transmis- 
sion up to a maximum of 15 times. The ILACC does not 
try to reread the descriptor entries from the transmit 
TDTE upon each collision. The descriptor entries for the 
current buffer are internally saved in the CSRs. The 
scheduling of each re-transmission is determined by a 
controlled randomized process called the “truncated 
binary exponential backoff”. Upon completion of the 
COLLISION JAM interval, the ILACC calculates a delay 
before re-transmitting. The delay is an integral multiple © 
of the SLOT TIME. The SLOT TIME is defined as 512 bit 
times (64 bytes). If a collision is detected during trans- 
mission, the SLOT TIME counter is started at the end of 
the COLLISION JAM sequence. 


The number of SLOT TIMES to delay before the nth re- 
transmission attempt is chosen as a uniformly distrib- 
uted random integer “r” in the range of: 

0 <r< 2K where k = min (n, 10) 

For example, if this is the third retry: 


n=3 
k = min(3,10) =3 
23 8 


If the number selected is zero (r = 0), the ILACC will begin 
re-transmission at the end of the 96 clock IPG time. 


lf all 15 retry attempts fail, the ILACC sets the RTRY bit 
in the current transmit TDTE in host memory (TMD2), 
gives up ownership (sets the OWN bit to zero) for this 
packet, and processes the next packet in the transmit 
ring for transmission. 


When there are excessive collisions of any buffer in a 
multi-buffer packet, the status will be written in the current 
descriptor. The OWN bit in the subsequent descriptor will 
be reset until the STP is found. 


lf there is a late collision (collision occurring after 64 byte 
times), the ILACC will not retransmit. It will terminate the 
transmission, note the LCOL error (TMD2), and transmit 
the next packet in the ring. 


Collision-Microcode Interaction 

The microprogram uses the time provided by COLLISION 
JAM, INTERPACKET DELAY, and the backoff interval to 
restore the address and byte counts internally and starts 
loading the FIFO in anticipation of retransmission. It is 
important that the ILACC be ready to transmit when the 
backoff interval elapses to utilize the channel properly. 


1-77 


cl AMD 


Time Domain Reflectometry 

The ILACC contains a time domain reflectometry 
counter. The TDR counter is ten bits wide. It counts at 
the internal ILACC network crystal frequency (XCLK). It 
is cleared by the microprogram and commences count- 
ing once the carrier is detected during transmission. 
Counting ceases if a collision is detected (CDT or Cl+) 
or the request for transmission (RTS for general inter- 
face, internal request for integrated SIA) is dropped. 
The counter does not wrap around but will freeze at the 
maximum count (all ones) until cleared. The value in the 
TDR is written to the TOTE TMD2 following the trans- 
mission of the packet. The TDR is used to determine the 
location of suspected cable faults. 


Heartbeat 

General Purpose Serial Interface 

During the interpacket gap delay following the negation 
of RTS, the CDT input may be asserted by some trans- 
ceivers as a self-test (SQE TEST in ANSI/IEEE 802.3). 
If the CDT input is not asserted within the 40 network bit 
times (4 microseconds) period following the completion 
of transmission (after CRS goes inactive), thenthe ILACC 
will set the CERR bitin CSRO. CERR error will not cause 
an interrupt to occur. (This window of 40 network bit 
times following a transmission is defined in the ANSI/ 
IEEE 802.3 specification as the carrier-inhibit-time.) 


internal SIA 

When PORTSEL=0 (MODE register bit 8), the integrated 
SIA will expect the SQE TEST signal to appear as a 
10MHz waveform onthe Cl+ pairwithin the 40 network bit 
times described above. Again, should this signal not 
appear, the CERR bit of CSRO will be asserted. 
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Cyclic Redundancy Check (CRC) 

The ILACC utilizes the 32-bit CRC function used in the 
Autodin-ll network. Refer to the Ethernet specification 
(Frame Check Sequence Field and Appendix C: CRC 
Implementation) or ISO 8802-3 ANSI/IEEE Std. 802-3 
can be verified using the LOOP (CSR15 bit 2) and 
DTCR (CSR15 bit 3) bits. See Frame Check Sequence 
Field section on page 21 for more detail. The ILACC 
CRC logic is as follows: 


1. TRANSMISSION — LOOP = 0 (CSR15 bit 2) and 
DTCR = 0 (CSR15 bit 3). The ILACC calculates the 
CRC from the first bit following the Start bit to the 
last bit of the data field. The CRC value inverted is 
appended onto the transmission in one unbroken bit 
strea, with the most significant bit transmitted first. 

2. RECEPTION —- LOOP = 0 (CSR15 bit 2). The 
ILACC performs a check on the input bit stream 
from the first bit following the start bit to the last bit 
in the frame. The ILACC continually samples the 
state of the CRC checked on framed byte bounda- 
ries, and, when the incoming bit stream stops, the 
last sample determines the state of the CRC error. 
Framing error (FRAM) is not reported if there is no 
CRC error. | 

3. LOOPBACK — LOOP = 1 (CSR15 bit 2) and 
DTCR = 0 (CSR15 bit 3). The ILACC generates 
and appends the CRC value to the outgoing bit 
stream as in Transmission but does not perform the 
CRC check of the incoming bit stream. 

4, LOOPBACK — LOOP = 1 (CSR15 bit 2) and DTCR 
= 1(CSR15 bit 3). The ILACC performs the CRC 
check on the incoming bit stream as in Reception 
but does not generate or append the CRC value to 
the outgoing bit steam during transmission. 


PROGRAMMABLE RESOURCES 

This section defines the control and status registers and 
the memory data structures required to program the 
ILACC. 


User Programmable Registers 

Internal programmable registers are accessed in a two 
step operation. First, the address of the programmable 
register is written into the Register Address Port (RAP). 


Subsequent read or write operations will access the 


register pointed to by the contents of the RAP. The data 
will be read from (or written into) the selected Register 
through the Data Port. 


The C/D pin permits external selection of either the 
Data or the Register Address Port as follows: 


C/D Port 
0 Data Port 
1 Register Address Port 
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REGISTER ADDRESS PORT (C/D = H) 
The high-order 16 bit (i.e., DAL 16-31) are undefined. 
RAP is defined as follows: 


15 6 5 0 
a 
RES 
10594-010A 
Bit |§ Name Description 
15-06 RES RESERVED, written and read as 


zero. 


05-00 RAP Register Address Port select. Selects 
the Control and Status Register 
location to be accessed. RAP is 


cleared by RESET. 
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CONTROL AND STATUS REGISTERS 

The Control and Status Registers (CSRs) are internal to 
the ILACC, and accessed on an individual basis by first 
writing the appropriate CSR address into the RAP. 


Regardless the state of the STOP bit, READ/WRITE 
access is permitted to CSRO and CSR3—4. To access 
CSR1-2, the STOP bit in CSRO must be set. 


All CSR data transfers will take place over the lower 2 
bytes (DAL,. )) for all slave operations. DAL,,_,, are 
undefined. 


RAP CSR 


00 CSRO 
01 CSRI1 
02 CSR2 
03 CSR3 
04 CSR4 
05 CSRS5 
06 CSR6 
07 CSR7 
08 CSR8 
09 CSR9 
10 CSR10 
11. CSR11 
12 CSR12 
13 CSR13 
14 CSR14 
15 CSR15 
16 CSRI16 
17 CSR17 
18 CSR18 
19 CSR19 
20 CSR20 
21 CSR21 
22 CSR22 
23 CSR23 
24 CSR24 


Contents 


CONTROL AND STATUS REGISTER 0 
CONTROL AND STATUS REGISTER 1 
CONTROL AND STATUS REGISTER 2 
CONTROL AND STATUS REGISTER 3 
CONTROL AND STATUS REGISTER 4 
TRANSMIT RETRY COUNT 

RX/TX DESCRIPTOR TABLE LENGTH 
RECEIVE COLL./RUNT PACKET CNT. 
LOGICAL ADDRESS FILTER 15-0 
LOGICAL ADDRESS FILTER 31-16 
-LOGICAL ADDRESS FILTER 47-32 
LOGICAL ADDRESS FILTER 63-48 
PHYSICAL ADDRESS 15-0 

PHYSICAL ADDRESS 31-16 

PHYSICAL ADDRESS 47-32 

MODE REGISTER 

INITIALIZATION BLOCK ADDRESS 15-0 
INITIALIZATION BLOCK ADDRESS 31-16 
CURRENT RX BUFFER ADDRESS 15-0 
CURRENT RX BUFFER ADDRESS 31-16 
CURRENT TX BUFFER ADDRESS 15-0 
CURRENT TX BUFFER ADDRESS 31-16 
NEXT RX/TX BUFFER ADDRESS 15-0 
NEXT RX/TX BUFFER ADDRESS 31-16 
BASE ADDRESS OF RX RING 15-0 


CONTROL AND STATUS REGISTER 0 (CSRO). RAP = 0 
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Addresses 5-58 are available as READ ONLY, 
providing the STOP bit is set. These allow the host to 
verify data loaded during initialization and/or monitor 
ILACC functions. 


The internal programmable registers are mapped as 
follows: 


RAP CSR 


25 CSR25 
26 CSR26 
27 CSR27 
28 CSR28 
29 CSR29 
30 CSR30 
31 CSR31 
32 CSR32 
33 CSR33 
34 CSR34 
35 CSR35 
36 CSR36 
37 CSR37 
38 CSR38 
39 CSR39 
40 CSR40 
42 CSR42 
44 CSR44 
46 CSR46 
48 CSR48 
50 CSRS50 
52 CSR52 
54 CSR54 
56 CSR56 
58 CSR58 
59 CSR59 


Contents 


BASE ADDRESS OF RX RING 31-16 
NEXT ADDRESS OF RX RING 15-0 

NEXT ADDRESS OF RX RING 31-16 
CURRENT ADDRESS OF RX RING 15-0 
CURRENT ADDRESS OF RX RING 31-16 
BASE ADDRESS OF TX RING 15-0 

BASE ADDRESS OF TX RING 31-16 
NEXT ADDRESS OF TX RING 15-0 

NEXT ADDRESS OF TX RING 31-16 
CURRENT ADDRESS OF TX RING 15-0 
CURRENT ADDRESS OF TX RING 31-16 
RUNT BACKUP BUFFER ADDRESS 15-0 
RUNT BACKUP BUFFER ADDRESS 31-16 
RETRY BACKUP BUFFER ADDRESS 15-0 
RETRY BACKUP BUFFER ADDRESS 31-16 
CURRENT RX BYTE COUNT 
CURRENT TX BYTE COUNT 
NEXT RX/TX BYTE COUNT 
POLL TIME COUNT 

HI ADDRESS INIT BLOCK 
CURRENT RX STATUS 
CURRENT TX STATUS 

NEXT RX/TX STATUS 

RUNT BACKUP BYTE COUNT 
RETRY BACKUP BYTE COUNT 
REVISIN REGISTER 


The ILACC updates CSRO by logical “ORing” the previous and present values. 


15 
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1 amo 


Bit 


15 


14 


13 


12 


11 


09 


08 


1-80 


Name 


ERR 


BABL 


CERR 


MISS 


MERR 


RINT 


TINT 


IDON 
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Description | 


ERROR summary is set by the “OR” of BABL, CERR, MISS and MERR. ERR remains set as long as 
any of the error flags are true. ERR is read only; write operations are ignored. 


BABBLE is a transmitter time-out error. It indicates that the transmitter has been on the channel longer 
than the time required to send the maximum length packet. 


BABL indicates excessive length in the transmit buffer. It will be set after 1519 data bytes have been 
transmitted. The chip will continue to transmit until the byte count equals zero. 


When BABL is set, an INTR interrupt will be generated providing INEA = 1 and the mask bit BABLM 
(CSRS bit 14) is clear. 


BABL is READ/CLEAR ONLY and is set by the chip and cleared by writing a “1” into the bit. Writing a 
“0” has no effect. It is also cleared by RESET or by setting the STOP bit. 


COLLISION ERROR indicates that the collision input to the ILACC (CDT or CIs) failed to activate within 
40 network bit times after a transmission was completed (the 40 bit times window commences upon 
CRS going inactive). This collision after transmission is a transceiver test feature (SQE Test). 


CERR will not cause an interrupt to be generated (INTR = 0, INTR line unaffected). 


CERR is READ/CLEAR only. It is set by the chip, and cleared by writing a “1” into the bit. Writing a “O” 
has no effect. It is also cleared by RESET or by setting the stop bit. 


MISSED PACKET is set when the receiver loses a packet, because it does not own a receive buffer 
and the FIFO has overflowed, indicating loss of data. 


FIFO overflow is not reported, because there is no receive ring entry in which to write status. 


When MISS is set, an INTR interrupt will be generated providing INEA = 1, and the mask bit MISSM 
(CSR bit 12) is clear. 


MISS is READ/CLEAR ONLY and is set by the chip and cleared by writing a “1” into the bit. Writing a 
“O” has no effect. It is also cleared by RESET or by setting the STOP bit. 


MEMORY ERROR is set when the chip is the Bus Master and has not received a “ready” indication 
(READYL Low) from memory within 512 XCLK counts (i.e., 25.6us for 10-MHz network data rate) after 
asserting DAS. 


When a Memory Error is detected, the receiver and transmitter are turned off. In addition, the INTR pin 
will be asserted LOW provided the INEA bit =1 and the MERRM bit (CSR3 bit 11) =0. 


MERR is READ/CLEAR ONLY and is set by the chip and cleared by writing a “1” into the bit. Writing a 
“0” has no effect. It is also cleared by RESET or by setting the STOP bit. 


RECEIVER INTERRUPT is set after the ILACC has completed a received packet and toggled the OWN 
bit in the last Receive Descriptor Ring in the chain. 


When RINT is set, the RINTR interrupt will be generated, providing INEA = 1 and the mask bit RINTM 
(CSR bit 10) is clear. The interrupt summary bit, INTR, will also be set, but the condition of the 
external INTR line is unaffected by the state of RINT. ? 


RINT is READ/CLEAR ONLY and set only by the chip. It can be cleared by writing a “1” into the bit, 
(writing a “O” has no effect), by the application of RESET or by setting the STOP bit. 


TRANSMITTER INTERRUPT is set after the ILACC has completed a transmitted packet and toggled 
the OWN bit in the last Transmit Descriptor Ring in the chain. 


When TINT is set, an INTR interrupt will be generated providing INEA = 1 and the mask bit TINTM 
(CSR3 bit 09) is clear. 


TINT is READ/CLEAR ONLY and is set by the chip and cleared by writing a “1” into the bit. Writing a 
“0” has no effect. It is also cleared by RESET or by setting the STOP bit. 


INITIALIZATION DONE indicates that the chip has completed the initialization procedure started by 
setting the INIT bit. When IDON is set, the chip has read the Initialization Block from memory and 
stored the new parameters. 


When IDON is set, an INTR interrupt will be generated, providing INEA = 1 and the mask bit IDONM 
(CSRS bit 8) is clear. 


IDON is READ/CLEAR ONLY and is set by the chip and cleared by writing a “1” into the bit. Writing a 
“O” has not effect. It is also cleared by RESET or by setting the STOP bit. 
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Bit 


07 


06 


05 


04 


03 


02 


01 


00 


Name 


INTR 


INEA 


RXON 


TXON 


TDMD 


STOP 


STRT 


INIT 
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Description 


INTERRUPT FLAG indicates that one or more of the following interrupt-causing conditions has oc- 
curred: BABL, MISS, MERR, RINT, TINT, IDON, LBE or TXSTRT; and its associated mask bit is clear. 
If INEA = 1 and INTR = 1, the INTR output pin will become active when any one or more of the above 
interrupt flags is set, with the exception of RINT. 


INTR is READ ONLY; writing this bit has no effect. INTR is cleared by RESET, by setting the STOP bit, 
or by clearing the relevant interrupt bit(s). 


INTERRUPT ENABLE will cause an external INTR to be generated for any of the following interrupt bits 
set in CSRO (providing the associated mask bit in CSR3 is clear): BABL, MISS, MERR, TINT or IDON, 
as well as LBE and TXSTRT in CSR4 (providing the mask bits in CSR4 are clear). Note that RINT will 
not cause the INTR line to be asserted. If INEA = 1 and INTR = 1 (caused by any interrupt flag except 
RINT), the INTR pin will be low. If INEA = 0, the INTR pin will be high, regardless of the state of the 
Interrupt Flag. 


INEA is READ/WRITE and can be cleared by the host, by RESET or by setting the STOP bit. 


RECEIVER ON indicates that the receiver is enabled. RXON is set when STRT is set, if DRX =0 in 
the MODE register of the initialization block (and the initialization block has been read by the chip by 
setting the INIT bit). RXON is cleared when IDON is set and DRX = 1 in the MODE register, or if a 
memory error (MERR) has occurred. 


RXON is READ ONLY; writing this bit has no effect. RXON is cleared by RESET or by setting the 
STOP bit. 


TRANSMITTER ON indicates that the transmitter is enabled. TXON is set when STRT is set if DTX = 0 
in the MODE register of the initialization block and the INIT bit has been set. TXON is cleared when 
IDON is set and DTX = 1 in the MODE register, if a memory error (MERR) has occurred, or if transmitter 
underflow occurs (UFLO in transmit descriptor entry). 


TXON is READ ONLY; writing this bit has no effect. TXON is cleared by RESET or by setting the STOP 
bit. 


TRANSMIT DEMAND, when set, causes the chip to access the Transmit Descriptor Ring without 
waiting for the polltime interval to elapse. TDMD need not be set to transmit a packet, it merely hastens 
the chip’s response to a Transmit Descriptor Ring entry insertion by the host. 


TDMD is WRITE WITH ONE ONLY and cleared by the microcode after it is used. It may read as a “1” 
for a short time after it is written because the microcode may have been busy when TDMD was set. It is 
also cleared by RESET or by setting the STOP bit. Writing a “O” in this bit has no effect. 


STOP disables the chip from all external activity when set and clears the internal logic. The chip 
remains inactive and STOP remains set until the STRT or INIT bit is set. lf STRT, INIT and STOP are all 
set together, STOP will override the other bits and only STOP will be set. 


STOP is READ/WRITE WITH ONE ONLY and set by RESET. Writing a “0” to this bit has no effect. 
STOP is cleared by setting either INIT or STRT. 


START enables the chip to send and receive packets, perform direct memory access and do buffer 
management. Setting STRT clears the STOP bit. If STRT and INIT are set together, the INIT function 
will be executed first. ; 


STRT is READ/WRITE WITH ONE ONLY. Writing a “0” into this bit has no effect. STRT is cleared by 
RESET or by setting the STOP bit. 


INITIALIZE, when set, causes the chip to begin the initialization procedure and access the Initialization 
Block. Setting INIT clears the STOP bit. 


lf STRT and INIT are set together, the INIT function will be executed first. INIT is READ/WRITE WITH 
ONE ONLY. Writing a “0” into this bit has no effect. INIT is cleared by RESET or by setting the STOP 
bit. The ILACC does not internally clear the INIT bit on completion of the initialization procedure. 
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CONTROL AND STATUS REGISTER 1 (CSR1). 

RAP =1 

READ/WRITE accessible only when the STOP bit in 
CSRO is set. Unaffected by RESET. 


15 | 210 
aren 


IADR [15-02] 


Bit Name 
15-00 IADR 


- Description 


The low order 16 bits of the address of 
the first word (lowest address) in the 
Initialization Block. Bits 00 and 01 must 
be zero. Used with CSR2 to form the 
base address of the Initialization Block 
in host memory. 
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CONTROL AND STATUS REGISTER 2 (CSR2). 

RAP = 2 

READ/WRITE accessible only when the STOP bit in 
CSRO is set. CSR2 is unaffected by RESET. 


15 0 


eee 


a Se 


10594-015A 


Bit Name 
15-00 IADR 


Description 


The high order 16 bits of the base 
address for the Initialization Block in 
host memory. Used with CSR1 to form 
the full 32 bit base address of thelnitiali- 
zation Block. 


CONTROL AND STATUS. REGISTER 3 (CSR3). 

RAP = 03 

Accessible regardless of the state of the STOP bit. 
CSR3 is cleared by RESET. 


CSR3 allows redefinition of the Bus Master interface 
and masking of selected interrupts. 


All other bits will be read as zeroes, regardless of data 
during write operations. 
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| RES, 


ACON 
BSWP 
EMBA 
DTX2PD 
RES 
IDONM 
TINTM 
RINTM 
MERRM 
MISSM 
RES 
BABLM 
RES 
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Bit 


11 


10 


09 


08 


07-05 


04 


03 


02 


01 


00 


Name 


RES 


BABLM 


RES 


MISSM 


MERRM 


RINTM 


TINTM 


IDONM 


RES 


DTX2PD 


EMBA 


BSWP 


ACON 


RES 
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Description 


RESERVED, written and read as zero. 


BABBLE MASK. If BABLM is set, the INTR bit and the external INTR will remain inactive, regardless of 
the state of BABL in CSRO. 


RESERVED, written and read as zero. 


MISSED PACKET MASK. If MISSM is set, the INTR bit and the external INTR will remain inactive, 
regardless of the state of MISS in CSRO. 


MEMORY ERROR MASK. !f MERRM is set, the INTR bit and the external INTR will remain inactive, 
regardless of the state of MERR in CSRO. 


RECEIVE INTERRUPT MASK. If RINTM is set, the INTR bit and the external RINTR will remain 
inactive, regardless of the state of RINT in CSRO. 


TRANSMIT INTERRUPT MASK. If TINTM is set, the INTR bit and the external INTR will remain 
inactive, regardless of the state of TINT in CSRO. 


INITIALIZATION DONE MASK. If IDONM is set, the INTR bit and the external INTR will remain inactive, 
regardless of the state of IDON in CSRO. 


RESERVED, written and read as zeroes. 


DISABLE TRANSMIT TWO PART DEFER. When this bit is set, the optional transmit two part deferral 
mechanism is disabled and the deferral time or interpacket gap (IPG) following ILACC transmit activity is 
calculated according to the deferral process in IEEE 802.3, i.e. the IPG following ILACC transmit activity 
will be counted as 96 network bit times, regardless of carrier activity on the network. When DT2PD is 
cleared, the optional transmit two part deferral mechanism is in effect and the IPG following ILACC trans- 
mit activity will also be counted in two parts (regardless of the state of DT2PD, the IPG following network 
activity where the ILACC was not transmitting is always counted in two parts). Whenever the ILACC counts 
IPG in two parts, the first part of IPG will have a nominal duration of 6.0 microseconds, and the second part 
will have a duration of 3.6 microseconds. When DT2PD=0, carrier activity during the first part of the IPG 
following ILACC transmit activity will cause the |PG counter in the ILACC to be reset. Note that carrier ac- 
tivity is always masked out (ignored) for the first 40 network bit times following transmit activity to allow for 
SQE test, and will not reset the ILACC IPG counter. Hence the IPG counter will be reset if carrier activity 
occurs anytime between 4.0 us to 6.0 ps following ILACC transmit activity. DT2PD is cleared upon RE- 
SET. This optional two part deferral mechanism is not currently part of the IEEE 802.3 specification. 


ENABLE MODIFIED BACKOFF ALGORITHM. When this bit is set, an alternative to the IEEE 802.3 
truncated binary exponential backoff algorithm is invoked in the retry logic. This alternate algorithm is 


_ different from the IEEE 802.3 algorithm only in that the counting of the retry interval period is suspended 


whenever a carrier is present (Di+ active or the CRS pin asserted, depending on the value of the 
PORTSEL bit) and resumes when a carrier is not present. EMBA is cleared upon RESET. This modified 
backoff algorithm is not currently a part of the IEEE 802.3 specification. 


BYTE SWAP. BSWP is read only and indicates whether the chip is programmed for systems that consider 
bits 00-07 on the data bus to be the most significant byte. When BSWP = 1, the chip will swap high-order 
bytes for low-order bytes on DMA data transfers between the FIFO and bus memory. Only data from the 
FIFO transfer is swapped; Initialization Block data and Descriptor Ring entries are not swapped. 


Byte swapping and the state of BSWP are controlled by the BACON bits; writing BSWP will have no effect. 


ALE CONTROL. Defines the assertive state of ALE/AS when the chip is the Bus Master. 


ACON = 0: ALE (falling edge latches address). 
ACON = 1: AS (rising edge latches address). 


ACON is READ/WRITE and cleared by RESET. 


RESERVED, written and read as zero. 
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CONTROL AND STATUS REGISTER 4 (CSR4). 165 14138121110098 76543210 
RAP = 04 
CSRé4 controls selected diagnostic functions, micropro- 
cessor bus acquisition and DMA signaling. CSR4 can 
be accessed regardless of the state of the STOP bit. au 
CSR4 is cleared by RESET. . TXSTRTM 
TXSTRT 
RES 
BACON 
RES 
DMAPLUS 
A S 
10594-017C 
Bit Name Description 
15 RES RESERVED, written and read as Zero. 
14 DMAPLUS DMAPLUS = 1, allows a DMA burst transfer to continue until the internal FIFO is empty or full, or 


until preempted. When DMAPLUS = 0, the 16-byte burst mode is selected. Cleared by RESET, 
unaffected by STOP. | 


Note that DMAPLUS affects the minimum transmit buffer size, for the first buffer in a chain. The first 
buffer should be a minimum of 100 bytes with DMAPLUS = 0, and increased to 116 bytes minimum 

with DMAPLUS = 1. This guarantees the ILACC can retransmit the packet if a collision occurs within 
the slot time. 


13-08 RES - RESERVED and read as zeroes only. 


07-06 BACON BUS ACQUISITION CONTROL is used to optimally mate the ILACC with various microprocessor 
| and system buses. The BACON bits will override the programming of BSWP (see table below). 


BACON is READ/WRITE and cleared by RESET, but unaffected by the STOP bit in CSRO. 


BACON _ Bus Configuration BSWP* 
00 32 bit 80X86 0 
01 32 bit 680X0 1 
10 Reserved X 
11 Reserved X 


* NOTE: BSWP is read only. The swapping function is programmed in accordance with the Bus 
Acquisition Control (BACON) bits in CSR4. 


05-04 RES RESERVED, written and read as zeroes only. 


03 TXSTRT TRANSMIT START status bit is set each time the ILACC attempts to begin a transmission (at the 
_ Start of preamble). The INTR bit in CSRO will be set if TXSTRTM is clear, and an INTR interrupt will 
be generated if INEA is set. TXSTRT is cleared by writing a “1” to its bit position, or by activating 
RESET or STOP. Unaffected by writing a “0”. 


02 TXSTRTM TRANSMIT START MASK enables or disables the generation of the INTR bit and the external INTR 
interrupt associated with TXSTRT. Cleared by RESET or STOP. 


01 LBE ~ LOOPBACK EXCESSIVE is set when the transmit packet size exceeds the recommended 41-byte 
limit (45 if DTCR = 1). In this case, the FIFO will overflow while filling. When LBE is set, STOP and 
INTR are also set. Cleared by writing a “1” or by hardware reset. 


00 LBEM LOOPBACK ERROR MASK enables or disables the generation of the INTR bit and the external INTR 
interrupt associated with LBE. Cleared by RESET or STOP. 
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USER READABLE REGISTERS 


TRANSMIT RETRY COUNT (CSR85). 

Contains the number of retry attempts to transmit the 
current buffer. Written into the transmit descriptor table 
entry when either a successful transmission has been 
completed or the transmission was aborted due to ex- 
cessive retries. Read only access when STOP = 1. See 
the description of the transmit descriptor table for further 
details. 


15 4 3 0 
To TRC 


RES 
10594-018B 


RX/TX DESCRIPTOR TABLE LENGTH (CSR8). 
Contains a copy of the RLEN and TLEN bits read from 
user memory during the initialization sequence. Read 
only access when STOP = 1. 


See the description of the Initialization Block for further 
details. 
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RECEIVE COLLISION/RUNT PACKET COUNT 
(CSR7) 

The Receive Collision Count indicates the number of 
collisions detected on the network since the last received 
packet. The value is written into the receive descriptor 
table entry when a successfu! reception has been com- 
pleted. The RCC will be reset immediately after the OWN 
bit for the descriptor is cleared by the ILACC, or upon a 
host read. Read only access when STOP = 1. See the 
description of the receive descriptor table entries for fur- 
ther details. 


The Runt Packet Count indicates the number of runt 
packets (less then 64 bytes) addressed to the node since 


RECEIVED MESSAGE 
DESTINATION ADDRESS 


“MATCH = 1: PACKET ACCEPTED 
*"MATCH = 0: PACKET REJECTED 
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the last successfully received packet. The value is writ- 
ten to the receive descriptor table entry when a suc- 
cessful reception has been. completed. The RCC will be 
reset immediately after the OWN bit for the descriptor is 
cleared by the ILACC or upon a host read. Read only 
access when STOP = 1. See the description of the 
receive descriptor table entries for more details. 


15 8 7 0 


a a 


Te 


RCC 


10594-020A 


LOGICAL ADDRESS FILTER (CSR8-11) 
READ ONLY access, when the STOP bit is set. 


63 0 


LADRF 


10594-021A 


Bit Name 
63-00 LADRF 


Description 


The 64-bit mask that is used to accept 
incoming Logical Addresses. The 
Logical Address Filter is a read only 
copy of the entry of the same name in 
the Initialization Block. The value is 
updated only when the Initialization 
Block is read (INIT = 1). 


If the least significant address bit of a 
received message is set (PADR bit 00 = 
1), then the address is deemed logical, 
and passed through the CRC generator. 
After processing the 48-bit destination 
address, a 32-bit resultant CRC is 
produced and strobed into a register. 
The high order 6 bits of this resultant 
CRC are used to select one of the 64-bit 
positions in the Logical Address Filter 
(see diagram). If the selected filter bit is 
a1,” the address is accepted and the 
packet will be placed in memory. 


32-BIT RESULTANT CRC 
31 26 0 


LOGICAL 
EP Onese PER 


MATCH* 
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LOGICAL ADDRESS FILTER OPERATION 

The first bit of the incoming address must be a “1” fora 
logical address. If the first bit is a “0,” it is a physical 
address and is compared against the physical address 
that was loaded through the Initialization Block. 


The Logical Address Filter is used in multicast address- 
ing schemes. The acceptance of the incoming frame 
based on the filter value indicates that the message 
may be intended for the node. It is the user’s responsi- 
bility to determine if the message is actually intended for 
the node by comparing the destination address of the 
stored message with a list of acceptable logical ad- 
dresses. 


The Broadcast address, which is all ones, does not go 
through the Logical Address Filter and is always en- 
abled. If the Logical Address Filter is loaded with all 
zeroes (and PROM = 0), all incoming logical addresses 
except Broadcast will be rejected. 


The multicast addressing in external loopback is opera- 
tional only when DTCR = 1 inthe Mode Register. 


PHYSICAL ADDRESS REGISTER (CSR12-14) 
READ ONLY access when the STOP bit is set. 


47 10 


_ PADR[0]="0” 


PADRI47-1] 


10594-023A 
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Bit Name 
47-00 PADR 


Description 


PHYSICAL ADDRESS is the unique 
48-bit physical address assigned to 
the chip. PADR[0] must be zero. The 
Physical Address value is a read only 
copy of the entry of the same name in 
the Initialization Block. This internal 
copy is updated only when the 
Initialization Block is read (INIT = 1). 


MODE REGISTER (CSR15) 

The MODE Register is a read only copy of the entry of 
the same name in the Initialization Block. This internal 
copy is updated only when the Initialization Block is 
read (INIT = 1) and will be cleared by RESET. 


The MODE Register entry in the Initialization Block 
(located in user memory) permits alteration of the chip’s 
operating parameters and provides the programming 
options for the internal SIA and/or general purpose 
interface port. Normal operation is withthe Mode Reg- 
ister clear. 
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INTL 
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Description 
PROMISCUOUS Mode. When PROM = 1, all incoming packets are accepted. 


RESERVED, written and read as zeroes only. 


TRANSMIT MODE SELECT. TSEL = 0: In the idle transmit state, DO+ and DO- are equal, providing 
“zero” differential to operate transformer coupled loads. Delay and output return to zero are con- 
trolled internally. TSEL High: In Idle transmit state DO+ is positive with respect to DO-. 


PORT SELECT allows the chip to select between the IEEE standard Attachment Unit Interface (AUI) 
using the internal SIA, or the general purpose serial interface (GPSI) to drive an independent device. 
When PORTSEL = 1, the general purpose port is selected. During the selection of the internal SIA, 
the GPSI outputs should be left unconnected and inputs should be tied to ground. Cleared by 
RESET, unaffected by STOP. If Internal Loopback is enabled (MODE Register, bits 2 and 6) the 
state of PORTSEL is ignored, and the serial bit stream is looped back prior to the Manchester 
Encoder section of the ILACC. 


RESERVED, written and read as zero. 


INTERNAL LOOPBACK (INTL = 1) selects Internal Loopback and is used with the LOOP bit to 
determine where the loopback is to be done. Internal Loopback allows the chip to receive its own 
transmitted packet. The condition of PORTSEL does not effect the operation of Internal Loopback 
and the data stream is looped back prior to the integral SIA. Since this represents full duplex 
operation, the packet size is limited to 41 bytes if DTCR = 0, or 45 bytes if DTCR = 1. Only packets 
which the node addresses to itself will be accepted. Packets addressed to the node from other 
nodes will not be accepted. 


EXTERNAL LOOPBACK (INTL = 0) permits the ILACC to transmit a packet out to the physical 
medium, either using the internal SIA, or via the general purpose serial interface (determined by 
PORTSEL, CSR15 bit 8). If PORTSEL = 0, the internal SIA will used, and the transmit/receive path 
will be tested to the physical medium (via external transceiver). If PORTSEL = 1, the general 
purpose interface will be exercised. Multicast addressing in External Loopback is valid only when 
DTCR = 1 (user must append 4 byte CRC to packet). Packets addressed to the node from other 
nodes will be accepted. | 


INTL is only valid if LOOP = 1; otherwise it is ignored. 


DISABLE RETRY. When DRTY = 1, the chip will attempt only one transmission of a packet. If there 
is a collision on the first transmission attempt, a Retry Error (RTRY) will be reported in the TDTE. 
The RTRY error flag appears in TMD2. 


FORCE COLLISION. This bit allows the collision logic to be tested. The chip must be in internal 
loopback for COLL to be valid. If COLL = 1, acollision willbe forced during the subsequent transmis- 
sion attempt. This will result in 16 total transmission attempts with a retry error reported in TMD2. 


DISABLE TRANSMIT CRC. When DTCR = 0, the transmitter will generate and append a CRC to the 
transmitted packet, provided the NCRC bit in TMD1 is cleared. When DTCR = 1, the CRC logic is 
allocated to the receiver and no CRC is generated or sent with the transmitted packet, even if the 
NCRC bit is cleared. 


LOOPBACK allows the chip to operate in full duplex mode for test purposes. When LOOP = 1, 
loopback is enabled. 


The loopback packet size is user selectable (see description of INTL bit). The last 4 bytes will 
contain the CRC. If DTCR = 0, the 4 byte CRC generated and appended at transmit time will be 
stored in user memory after the data field. If DTCR = 1, a user-calculated CRC may be contained in 
the last 4 bytes of the transmit buffer. The receiver will generate a comparison to check against the 
transmitted CRC, which will be loaded into the last 4 bytes of the received buffer. 


DISABLE THE TRANSMITTER causes the chip to not access the Transmitter Descriptor Ring and 
therefore no transmissions are attempted. DTX = 1 will clear the TXON bit in CSRO when initializa- 
tion is complete. 


DISABLE THE RECEIVER causes the chip to reject all incoming packets and not access the 
Receive Descriptor Ring. DRX = 1 will clear the RXON bit in CSRO when initialization is complete. 
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INITIALIZATION BLOCK ADDRESS (CSR16-17) 
Aread only copy of the start address of the Initialization 
Block located in user memory, as programmed in CSR1 
and CSR2. 


CURRENT RX BUFFER ADDRESS (CSR18-19) 
Contains the current receive buffer address the ILACC 
will use to dump an incoming packet. If the ILACC was 
stopped while receiving a packet, it will be the address 
of the incompleted buffer the ILACC was using. The 
address is 32 bits wide. | 


CURRENT TX BUFFER ADDRESS (CSR20-21) 
Contains the address of the transmit buffer the ILACC 
transmitted last. In the event the ILACC was stopped 
while transmitting, it will contain the address of the 
incompleted buffer the ILACC was using. The address 
is 32 bits wide. 


NEXT RX/TX BUFFER ADDRESS (CSR22-23) 

Since the ILACC can only operate in half duplex, this 
register is shared depending on the condition of the 
ILACC at any time (i.e., transmit or receive). When the 
ILACC is transmitting, the register contains the address 
of the transmit buffer the ILACC will attempt to transmit 
next. When the ILACC is receiving, it will contain the 
address of the next receive buffer in which the ILACC 
will dump incoming packet data. In both cases, the 
ILACC will read the value during buffer lookahead while 
it is dealing with the current buffer. The address is 32 
bits wide. 


BASE ADDRESS OF RX RING (CSR24-25) 

Contains the base address of the receive descriptor 
table entries in user memory. The value is a read only 
copy of the value obtained from the Initialization Block 
at initialization time. The address is 32 bits wide. 


NEXT ADDRESS OF RX RING (CSR26-27) 

Contains the address of the next receive descriptor that 
the ILACC will use. The ILACC will calculate this ad- 
dress based on the current descriptor address and the 


descriptor entry length. It will poll the next descriptor | 


during lookahead to determine if a receive buffer is 
available and its location. The address is 32 bits wide. 


CURRENT ADDRESS OF RX RING (CSR28-29) 
Contains the address of the receive descriptor that the 
ILACC will use for the next incoming packet. if the 
ILACC was stopped during reception, it will contain the 
descriptor address of the incompleted message. The 
ILACC uses the address to examine the descriptor and 
determine if a receive buffer is available, locate it, and 
indicate the condition and length of the received data. 
The address is 32 bits wide. 
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BASE ADDRESS OF TX RING (CSR30-31) 

Contains the base address of the transmit descriptor 
table entries in user memory. The value is a read only 
copy of the value obtained from the Initialization Block 
at initialization time. The address is 32 bits wide. 


NEXT ADDRESS OF TX RING (CSR32-33) | 
Contains the address of the next transmit descriptor that 
the ILACC will use. The ILACC will calculate this ad- 
dress based on the current descriptor address and the 
descriptor entry length. It will poll the next descriptor 
during lookahead to determine if a transmit buffer is 
available and its location. The address is 32 bits wide. 


CURRENT ADDRESS OF TX RING (CSR34-35) 
Contains the address of the transmit descriptor that the 
ILACC will use for the next outgoing packet. If the 
ILACC was stopped during transmission it will contain 
the descriptor address of the incompleted message. 
The ILACC uses the address to examine the descriptor 
to determine if a transmit buffer is available, locate it, 
and indicate the condition of the transmitted data. The 
address is 32 bits wide. 


RUNT BACKUP BUFFER ADDRESS (CSR36-37) 

Contains a copy of the current receive buffer address. In 
the event that the receive packet is identified as a runt, 
the Runt Backup Buffer Address is written back into the 
Current Rx Buffer Address. The address is 32 bits wide. 


RETRY BACKUP BUFFER ADDRESS (CSR38-39) 


CURRENT RX BYTE COUNT (CSR40) 
Contains a copy of the current receive descriptor byte 
count as read from the current receive descriptor. 


CURRENT TX BYTE COUNT (CSR42) 
Contains a copy of the current transmit descriptor byte 
count as read from the current transmit descriptor. 


NEXT RX/TX BYTE COUNT (CSR44) 

Since the ILACC can only operate in half duplex, this 
register is shared depending on the condition of the 
ILACC at any time (i.e., transmit or receive). During 
transmission, it contains the transmit buffer byte count 
as read from the next transmit descriptor entry during 
lookahead. During reception, it contains the buffer byte 
count as read from the next receive descriptor entry 
during lookahead. 


~ POLL TIME COUNT (CSR46) 


The Poll Time Count is a copy of the internal roll over 
counter which determines the frequency at which the 
ILACC will inspect the transmit descriptor ring entry. 
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H! ADDRESS INIT BLOCK (CSR48) 
Contains a copy of the contents of CSR2 at initialization 
time. 


CURRENT RX STATUS (CSR50) 
Contains a copy of the current receive descriptor status 
byte as read from the current receive descriptor. 


CURRENT TX STATUS (CSR52) 
Contains a copy of the current transmit descriptor status 
byte as read from the current transmit descriptor. 


NEXT RX/TX STATUS (CSR54) 

Since the ILACC can only operate in half duplex, this 
register is shared depending on the condition of the 
ILACC at any time (i.e., transmit or receive). During 
transmission, it contains the transmit status byte as 
read from the next transmit descriptor entry during 


DESCRIPTOR TABLE CONTENT 


BASE ADDRESS OF Tx RING 
CSR31 CSR30 
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lookahead. During reception, it contains the status byte 
as read from the next receive descriptor entry during 
lookahead. 


RUNT BACKUP BYTE COUNT (CSR56) 

Contains a copy of the current receive buffer byte count. 
In the event that the receive packet is identified as a 
runt, the Runt Backup Byte Count is written back into 
the Current Rx Byte Count. 


RETRY BACKUP BYTE COUNT (CSR58) 

Contains a copy of the current transmit buffer byte 
count. In the event that the transmit packet suffers a 
collision, the Retry Backup Byte Count is written back 
into the Current Tx Byte Count. 


REVISION REGISTER (CSR859) 


Contains a value that identifies the silicon revision of the 
ILACC. 


BASE ADDRESS OF Rx RING 
CSR25 


CSR24 


16 15 0 


TMDO 
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INITIALIZATION MODE REGISTER eye 
PROCEDURE The Mode Register defines the transmit/receive opera- 


ILACC initialization includes the reading of the initializa- 
tion block in memory to obtain the operating parame- 
ters. The initialization block is read when the INIT bit in 
CSRO is set. The INIT bit should be set before or 
concurrent with the STRT bit to insure correct operation. 
On completion of the read operation and after internal 
registers have been updated, the IDON will be set in 
CSRO, and an interrupt generated if INEA is set. 


The Initialization Block is vectored by the contents of 
CSR1 (least significant word of address) and CSR2 
(most significant word of address). The block is resident 
in host memory, and contains the user defined condi- 
tions for ILAC operation together with the address and 
length information to allow linkage of the transmit and 
receive descriptor rings. 


INITIALIZATION BLOCK 
31 3 0 
| TDRASI-OO 
pC RDRAZI“OO 
| LADRF63-32 

pT CLADRFS1-00Csd 
FTLEN [RES|RLEN|RES| MODE 15-00 __— 


IADR +24 
IADR +20 
IADR +16 


IADR +4 
IADR 0 


tion of the ILACC. At initialization, this user-defined 
value is stored in CSR15. 


LOGICAL ADDRESS FILTER (LADRF) 
The filter value used for multicast addressing. Stored in 
CSR8-11 during initialization. | 


PHYSICAL ADDRESS REGISTER (PADR) 
The individual node address assigned to the ILACC and 
stored in CSR12-14 during initialization. 


TRANSMIT DESCRIPTOR RING ADDRESS (TDRA) 
The base address (lowest address) of the user area 
where the transmit descriptor ring is located. This is a 
full 32-bit address and is stored in the ILACC during 
initialization. 


IADR +24 
31 43 0 
TDRA 31-04 | | 
Ts 3-0] = “0” 
TDRA [31-04] 
10594-029A 


The least significant 4 bits of the ring base address must 
be zero. 


TRANSMIT DESCRIPTOR RING LENGTH (TLEN) 
TLEN defines the number of TDTEs which will be used 
in the ring. TLEN is located at the base location of the 
Initialization Block (IADR + 0) with the Mode Register 
and the RLEN entry. A maximum of 512 transmit de- 
scriptor entries is permitted. 


TLEN has a four bit field. The user is free to write any 
4-bit code into this field. Binary values greater than 
9 (e.g., TLEN = 1111b) will be stored as written, and the 
ILACC will expect 512 TDTEs. 


TLEN is expressed as a power of two, as follows: 


TLEN _—No. of TDTEs 
0 0 0 0 1 
0 00 1 2 
0 01 0 4 
0 o1 1 8 
O. 4 0 0 16 
oO 10 1 32 
0 1 1 0 64 
oO 11 1 128 
1 0 0 0 ~~ 256 
1 0.0.4 512 


Note that the field is stored in CSR6 during initialization. For 
details, refer to the definition within the Description of User 
Accessible Resources. 
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RECEIVE DESCRIPTOR RING ADDRESS (RDRA) 
The base address of the user area where the receive 
descriptor ring is located. This is a full 32-bit address 
and is stored in the ILACC during initialization. 


IADR+20 
31 43 0 


RDRA 31-04 


bed 
i Kew = “0” 


RDRA [31-04] 


10594-033A 


_ The least significant four bits of the ring base address 


must be zero. 
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RECEIVE DESCRIPTOR RING LENGTH (RLEN) 
RLEN defines the number of RDTEs which will be used 
in the ring. RLEN is located at the base location of the 
Initialization Block (IADR+0) with the MODE Register 
and the TLEN entry. Maximum of 512 transmit 
descriptor entries are permitted. 


RLEN is expressed as a power of two as follows: 


RLEN No. of RDTEs 

0 0 0 0 1 
0 0 0 1 2 
0 0 1 O 4 
0 0 1 1 8 
0 1 0 0 16 
oO 1 0 1 32 
oO 1 1 #0 64 
Oo 1 1 1 128 
1 0 O O 256 
1 0 0 1 512 
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RLEN has a 4-bit field. The user is free to write any 4-bit 
code into this field. Binary values greater than 9 (i.e., 
RLEN = 1111b) will be stored as written, and the ILACC 
will expect 512 RDTEs. 3 


Note that the field is stored in CSR6 during initialization. 
For details, refer to the definition within the Description 
of User Programmable Registers. 
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Reinitialization 

The transmitter and receiver section of the ILACC are 
turned on via the initialization block (MODE Register: 
DRX, DTX bits). The state of the transmitter and re- 
ceiver can be monitored through CSRO (RXON, TXON 
bits). The ILACC must be reinitialized if the transmitter 
and/or the receiver were not turned on during the origi- 
nal initialization, and it is subsequently required to acti- 
vate them. Alternatively, the ILACC may require re- 
initialization if either section shuts off due to the detec- 
tion of an error condition (MERR, UFLO, TX BUFF 
error). Care must be taken when the ILACC is 
reinitialized. 


Prior to reinitialization of the ILACC, the user must set the 
STOP bit in CSRO.The user should also reinitialize the 
descriptor pointers in the software and reinitialize all 
descriptor OWN bits in memory prior to re-enabling the 
transmit and receive functions. This is necessary since 
the ILACC’s transmit and receive descriptor pointers are 
reloaded with their respective base addresses upon 
initialization. The ILACC can then be reinitialized by 
setting the INIT bit in CSRO. 


Buffer Management 

Buffer management is accomplished through message 
descriptors organized as ring structures in memory. 
There are two rings; a receive ring and a transmit ring. 
Each message descriptor entry requires three double 
words (6 words or 12 bytes). 
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To simplify the maintenance of pointers for the rings, the 
space allocated for the transmit/receive descriptor table 
entries is as follows: 


Descriptor Table Entries are 8 words long, located on 
16-byte boundaries (bits 0-3 of pointer address must be 
zero). 


Descriptor Rings 

Each descriptor ring must be organized in a contiguous 
area of memory. At initialization time, the ILACC reads 
the user-defined base address for the transmit and 
receive descriptor rings as well as the number of entries 
contained. Maximum of 512 ring entries is permitted. 


Each ring entry contains the following information: 


1. The address of the actual message data buffer in 
user or host memory 


2. The length of the message buffer 


3. Status information indicating the condition of the 
buffer 


To permit the queuing and de-queuing of message 
buffers, ownership of each buffer is allocated to either 
the ILACC or the host. The OWN bit within the descrip- 
tor status information is used for this purpose. “Deadly 
Embrace” conditions are avoided by the ownership 
mechanism. Only the owner is permitted to relinquish 
ownership or to write to any field in the descriptor entry. 
A device that is not the current owner of a descriptor 
entry cannot assume ownership or change any field in 
the entry. 
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Descriptor Memory Allocation 
RECEIVE MESSAGE DESCRIPTOR 0 (RMDO). 


31 ) 
rn ADR [31-0] 
10594-0488 
Bit Name Description 


31-00 ADR Address of the buffer pointed to by this descriptor. ADR is written by the host and unchanged by the 
ILACC. The buffer can be located on an arbitrary byte boundary. 


RECEIVE MESSAGE DESCRIPTOR 1 (RMD1). 


31 30 29 28 27 26 25 24 23 16 15 12 11 0 
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Description 


This bit indicates that the descriptor entry is owned by the host (OWN=0) or by ILACC (OWN=1). The 
ILACC clears the OWN bit after filling the buffer pointed to by the descriptor entry. The host sets the 
OWN bit after emptying the buffer. Once the ILACC or host has relinquished ownership of a buffer, it 
must not change any field in the three words that comprise the descriptor entry. 


ERROR summary is the “OR” of FRAM, OFLO, CRC or BUFF. ERR is set by the ILACC and cleared by 
the host. 


FRAMING ERROR indicates that the incoming packet contained a non-integer multiple of eight bits and 
there was a CRC error. If there was not a CRC error on the incoming packet, then FRAM will not be set 
even if there was a non-integer multiple of eight bits in the packet. FRAM is not valid in internal 
loopback mode. FRAM is valid only when ENP is set and OFLO is not. FRAM is set by the ILACC and 
cleared by the host. 


OVERFLOW error indicates that the receiver has lost all or part of the incoming packet, due to an 
inability to store the packet in a memory buffer before the internal FIFO overflowed. OFLO is valid only 
when ENP is not set. OFLO is set by the ILACC and cleared by the host. 


CRC indicates that the receiver has detected a CRC error on the incoming packet. CRC is valid only 
when ENP is set and OFLO is not. CRC is set by the ILACC and cleared by the host. 


BUFFER ERROR is set any time the ILACC does not own the next buffer while data chaining a 
received packet. This can occur in either of two ways: 


1. The OWN bit of the next buffer is zero. 
2. FIFO overflow occurred before the ILACC received the next STATUS. 
lf a Buffer Error occurs, an Overflow Error may also occur internally in the FIFO, but will not be reported 


in the descriptor status entry unless both BUFF and OFLO errors occur at the same time. BUFF is set 
by the ILACC and cleared by the host. - 


START OF PACKET indicates that this is the first buffer used by the ILACC for this packet. It is used for 
data chaining buffers. STP is set by the ILACC and cleared by the host. 


END OF PACKET indicates that this is the last buffer used by the ILACC for this packet. It is used for 
data chaining buffers. If both STP and ENP are set, the packet fits into one buffer and there is no data 
chaining. ENP is set by the ILACC and cleared by the host. 


RESERVED. 
MUST BE ONES. This field is written by the host and unchanged by the ILACC. 


BUFFER BYTE COUNT is the length of the buffer pointed to by this descriptor expressed as the two's 
complement of the length of the buffer. This field is written by the host and unchanged by the ILACC. 
Minimum buffer size is 64 bytes. 


RECEIVE MESSAGE DESCRIPTOR 2 (RMD2) 
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RCC 


RPC 


ZEROS 


MCNT 
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Description 


RECEIVE COLLISION COUNT indicates the number of collisions on the network since the last suc- 
cessfully received packet. The internal value of RCC in CSR7 is written to RMD2 (in the last descriptor 
of the chain) prior to the OWN bit being flipped (i.e., after a successful reception). 


The collision count in CSR7 is reset immediately after the OWN bit for the descriptor is reset or upon a 
host read. The count does not roll over when more than 255 collisions are detected but will freeze at the 
maximum count. 


RUNT PACKET COUNT indicates the number of runt packets addressed to this node since the last 
successfully received packet. The internal value of RPC in CSR7 is written to RMD2 (in the last 
descriptor of the chain) prior to the OWN bit being flipped (i.e., after a successful reception). 


The runt packet counter in CSR7 is reset immediately after the OWN bit for the descriptor is reset or 
upon a host read. The count will be frozen at 255 if runt packets in excess of this are detected. 


ZEROS. This field is written by the ILACC. 


MESSAGE BYTE COUNT is the length in bytes of the received message expressed as an unsigned 
binary integer. MCNT is valid only when ERR is clear and ENP is set. MCNT is written by the chip and 
cleared by the host. 


TRANSMIT MESSAGE DESCRIPTOR 0 (TMDO). 


Bit 
31-00 


Name 


ADR 


31 0 


ae een 


ADR [31-0] 
10594-051B 


Description 


The 32-bit address of the buffer pointed to by this descriptor. ADR is written by the host and unchanged 


by the ILACC. The buffer can be located on an arbitrary byte boundary. 


TRANSMIT MESSAGE DESCRIPTOR 1 (TMD1). 


31 30 29 28 27 26 25 24 23 16 15 12 11 0 


10594-052A 
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Bit 


30 


29 


28 


27 


26 


25 


24 


23-16 


15-12 


11-00 


Name 
OWN 


ERR 


NCRC 


“MORE 


ONE 


DEF 


STP 


ENP 


RES 
ONES 


BCNT 


PRELIMINARY 


Description 


This bit indicates that the descriptor entry is owned by the host (OWN = 0) or by the ILACC (OWN = 1). 
The host sets the OWN bit after filling the buffer pointed to by this descriptor. The ILACC clears the 
OWN bit after transmitting the contents of the buffer. Both the host and the ILACC must not alter a 
descriptor entry after relinquishing ownership. 


ERROR summary is the “OR” of UFLO, LCOL, LCAR, or RTRY. ERR is set by the ILACC and cleared 
by the host. 


NO CRC dynamically controls the generation of CRC on a packet by packet basis as long as the DTCR 
bit in CSR15 = 0. It is valid in the last descriptor of the packet to be transmitted. When NCRC=1, CRC 
generation is inhibited. When NCRC=0, CRC generation is activated. NCRC is set by the host and 
unchanged by the ILACC. 


MORE indicates that more than one retry was needed to transmit a packet. MORE is set by the ILACC 
and cleared by the host. 


ONE indicates that exactly one retry was needed to transmit a packet. The ONE flag is not valid when 
LCOL is set. ONE is set by the ILACC and cleared by the host. | 


DEFERRED indicates that the ILACC had to defer while trying to transmit a packet. This condition 
occurs if the channel is busy when the ILACC is ready to transmit. DEF is set by the ILACC and cleared 
by the host. 


‘ START OF PACKET indicates that this is the first buffer to be used by the ILACC for this packet. It is 


used for data chaining buffers. STP is set by the host and unchanged by the ILACC. The STP bit must 


be set in the first buffer of the packet or the ILACC will skip over this descriptor and poll the next 
descriptor(s) until the OWN and STP bits are set. STP is set by the host and unchanged by the ILACC. 


END OF PACKET indicates that this is the last buffer to be used by the ILACC for this packet. It is used 
for data chaining buffers. If both STP and ENP are set, the packet fits into one buffer and there is no 
data chaining. ENP is set by the host and unchanged by the ILACC. 


RESERVED 
MUST BE ONES. Written by host. 


BUFFER BYTE COUNT is the usable length of the buffer pointed to by this descriptor expressed as the 
two’s complement of the buffer byte length. This is the number of bytes from this buffer that will be 
transmitted by the ILACC. This field is written by the host and unchanged by the ILACC. The first buffer 
of a packet must be a minimum of 116 bytes (DMAPLUS = 1) or 100 bytes (DMAPLUS = 0) when data 
chaining, and 64 bytes (DTCR=1) or 60 bytes (DTCR=0) when not data chaining. 


TRANSMIT MESSAGE DESCRIPTOR 2 (TMD2). 
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31 30 29 28 27 26 25 16 15 4 3 0 


aoa? 


RES 
TDR 
RTRY 
LCAR 
LCOL 
RES 
UFLO 
BUFF 


10594-053A 
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Bit Name Description 
31 BUFF BUFFER ERROR is set by the ILACC during transmission when the ILACC does not find the ENP flag 


in the current buffer and does not own the next buffer. This can occur if either: 

1. The OWN bit of the next buffer is zero. 

2. FIFO underflow occurred before the ILACC was able to read the next STATUS byte. BUFF is set by 
the ILACC and cleared by the host. BUFF error will turn off the transmitter (CSRO, TXON = 0). 


lf a Buffer Error occurs, an Underflow Error will also occur. BUFF error is not valid when LCOL or RTRY 
error is set during transmit data chaining. BUFF is set by the ILACC and cleared by the host. 


30 UFLO UNDERFLOW ERROR indicates that the transmitter has truncated a message due to data late from 
memory. UFLO indicates that FIFO has emptied before the end of the packet was reached. Upon UFLO 
error, the transmitter is turned off (CSRO, TXON =O). UFLO is set by the ILACC and cleared by the 
host. 


29 RES RESERVED bit. The ILACC will write this bit with a “0.” 


28 LCOL LATE COLLISION indicates that a collision has occurred after the slot time of the channel has elapsed. 
The ILACC does not retry on late collisions. LCOL is set by the ILACC and cleared by the host. 


27 LCAR LOSS OF CARRIER is set when the carrier is lost during an ILACC-initiated transmission. The loss is 
detected internally if the ILACC’s integral SIA isbeing used or via the CRS line becoming deasserted if 
the general purpose serial interface is utilized. The ILACC does not retry upon loss of carrier. It will 
continue to transmit the whole packet until done. LCAR is not valid in Internal Loopback Mode. LCAR is 
set by the ILACC and cleared by the host. 


26 RTRY RETRY ERROR indicates that the transrnitter has failed in 16 attempts to successfully transmit a 
message due to repeated collisions on the medium. If DRTY = 1 in the MODE register, RTRY will set 
after 1 failed transmission attempt. RTRY is set by the ILACC and cleared by the host. 


25-16 TDR TIME DOMAIN REFLECTOMETRY reflects the state of an internal ILACC counter that counts from the 
start of a transmission to the occurence of a collision or loss of carrier. This value is useful in determin- 
ing the approximate distance to a cable fault. The TDR value is written by the ILACC and is valid only if 
the RTRY bit is set. The TDR counter is incremented by the 20 MHz clock at XTAL1 (for PORTSEL=0) 
or the 10MHz clock at TxC (for PORTSEL=1). 


15-04 RES RESERVED 
03-00 TRC TRANSMIT RETRY COUNT indicates the number of transmit retries of the associated packet. The 


maximum count is 15. Written by the ILACC into the last transmit descriptor for the message (ENP = 1), 
and valid only when OWN = 0. 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature: -65 to +150°C Commercial (C) Devices . 

Supply Voltage (AVpp. Vop) Temperature (T,): 0 to 70°C 
referenced to AVgg OF Vgs: --0.3 to +6 V Supply Voltages (AVpp, Vpp): 5V+5% 


Stresses above those listed under ABSOLUTE MAXIMUM 
_ RATINGS may cause permanent device failure. Functionality 


at or above these limits is not implied. Exposure to absolutely 
maximum ratings for extended periods may affect device 


reliability. 
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DC CHARACTERISTICS 


CAPACITANCE 
Parameter Parameter Typ. 
Symbol Description 
Ee 
10 


| Bidirectional Pins 
| Cour | Output Pins =| 10 | 


DC CHARACTERISTICS 


[Parameter] Description | TestCondiions [win | Wax 
Pv, | tmpattowvotags SSS Sid 
[vn | pats votage | SSC~d ST 


Viv 
Vin 

Vix Xraui Input LOW Voltage V5 = 0.0 V 

(External Clock Signal) | 
Vinx Xtra Input HIGH Voltage Veg = 0.0 V 3.5 Vpp+0.5 
| (External Clock Signal) | 

Vor 

Vou 

lx 

| 


; log = 4.mA (Note 1) 
[Vor | Oupor ich vonage | tau =-04mA (Note 2) 
[ta | rputieakage curent | 0V< Vn «Von Notes) | 10 


| taxo | Dit and Cit Input Current — AV sg < Vin $ AVp | -500 | 500 
| loz, | Output Leakage Current Vout = 0 V (Note 4) i 
Vaop AUI Differential Output R, = 78 Q 630 
Voltage |(DO+) - (DO-)| 


lozu Output Leakage Current _ Vout = Vpp (Note 4) 
V soporr DO+ Differential R, = 78 Q ; -40 40 
Idle Output Voltage | 
Idle Output Current ; 
Vnocm DO+ Common Mode R, = 78 Q AV pp-3.0 AVp5p-1 AO) 
. Output Voltage _ | | 
Vine DO+ Differential R.=78Q — ee 
| Output Voltage Imbalance |\DO+| - |DO-| 
Vata Di+ Differential 
Input Switching Threshold 
Vasa Di+, Cl+ Differential 
| Input Squelch Threshold 
| Vapy |  Dl+ and Cl+, Differential Mode 
Input Voltage Range | | 
Di+ and Cl+ ly = OMA AVyp-3.0 | AVop-1.0 | V 


Input Common Mode 
1-98 Am79C900 


< 


2a) <5) a) esisisf sis] <<] lle 


5 


A) 
a 
EE 


t re fe 
nN NO 
| 8 
‘ 
=k 
EE 
oO 


| +f < 


Open Circuit Voltage (Bias) 
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Vaopp 


DO+ Undershoot Voltage AUI load = -100 mV 
zero (end of message) (See IEEE 802.3) 
1. ly, = 20 mA: READYL 
lors = 4. MA: DAL[31:2], DALI, DALO, INTR, RINTR, XCLK, TxD, RTS. 
4. lozy 4 and loz. apply to pins: DAS, DALO, DALI, BGACK/MASTER, HOLD/BUSREQ, TXC, RXC, RXD.TXD, RTS, XCLK, 


DC CHARACTERISTICS (Continued) 
at zero differential 27 pH +t 1% and 
Power Supply Current fyta, = 20 MHz 150 mA 
fecik = 16.67 MHz 
love = 6 MA: BE3/DAL[1], BE2/DAL[0], RW, ALE/AS, DAS, BGACK/MASTER, HOLD/BUSREQ, BEO/SIZO, BE1/SIZ1 
2. Vo, does not apply to open-drain output pins. 


on transmit return to 73 Qor83Q+t1% 
Notes: 
3. Ix applies to pins: HLDA/BUSACK, C/D, CS, BCLK, and RESET. 
BEO-1/SIZ0-1, BE2/DALO, BE3/DAL1, DAL2-31, R/W, RINTR, INTR, READYL, ALE/AS. 


SWITCHING TEST LOADS 


1.5V 


100 pF 
10594-056A 


Lis 


Normal and Three-State Outputs Open Drain Outputs 


10594-055A 


DO+ 


78Q Test Point 


DO- 
10594-057A 


AUI DO Switching Test Circuit 
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AC TIMING PARAMETERS 
CLOCK SIGNALS. 


Clock and Reset 


[Parameter |Description | Test Conditions | Min. | Max. | 
ee 


= , Ts 

i rT = 
2 | team | BCLKLOW pulsewidth =| | (0.4 7*tacux | 0.53"tacix | nS | 
| 3 | tecun | BCLKHIGH pulsewidth =| | 0.4 7*tacax | 0.53"tzcix | 1S 
i | ns | 
s_ rine 
Ree | ns 


BCLK Rise Time (Note 3) (Note 11) a ee 
BCLK Fall Time | (Note 3) (Note 11) aaa) 


| # | Parameter | Description Test Conditions | Min. | 
| 9 | XTAL1 period (Note 2) 49.995 


pit | | 
ix [ tow xTALI HIGH puewame | dC 
2 [te XTALTLOW pce wiah sf iY 
73 [ton [XTALT seine id tei 
(14 | te | XTALiFallTime sf (Note) | 

Cin 

a 


A 
8 [tna [Ctow pusowatm | dC 
S| Trew [RO RR ue wat 
[20 [ton | TOrsotme «dt ete) Cd 
A 


[22 [tne | PxC period 


ae 
(28 | tor [RecHiGHpaewan | 
2a [tao [eCTOW pew id 


RxC fall time 


DAS LOW and CS. setup 
to BCLKT 
Data in valid hold time from 
READYL J . 
| te _| RAW setup time to DAS ns 
133 | ts _| CS hold time from DAS? (Note 12) 


C/D setup time to DASL Eo ewichy os andl 
C/D hold time from DAS! ee 
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AC TIMING PARAMETERS 
Bus Slave (Continued) 


DAST delay to DALOT 
DASJ delay to DALOL 


DAST delay to DALIT Bel 


tao DAS delay to DALIN 

ti DAST delay to READYLT 
(de-assertion) 
DAS delay to READYLI 


tus - | DASJ with CS LOW delay 
to Data In valid» 


Data InvalidholdtimefromDAST | sd 


_— 


a= APR TWO |@d] @ 
oO },O [Oi N 


NO 
z 
{o) 
— 
© 
—_— 


on] ol} on] on pla aA AAA aN 
Ww] rm} a {oO OlOINI|HIaAysé wD 


Description Test Conditions 


HLDA / BUSACK setup to (Note 9) 5 
BCLKL 
BCLKJ after BUSACK LOW delay 
to BUSREQT (de-assertion) 
HLDA/BUSACK LOW hold time (Note 9) 15 
from BCLKL 


ts, 
tss 
ts7 BGACKT setup to BCLKL (Note 10) 
teo 
tes 


| ts | BUSACK LOW Pulse Width (Note 9) tecixt30 
[tw | BOLKUdeytonOLOT | CdS 


HLDAT setup to BCLKL (Note 10) 15 
(preemption) 
BCLKL (S1) delay to HOLDT (Note 8) 8.5*tacik 
(preemption) + 40 
64 BUSACK LOW hold time from (Note 6) 
BUSREQT (Note 9) 


O;1o;r ory, O17 OFF TE CT a 
Q@i>Enmi - O;,oOINI OF OO ‘— 
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Bus Acquisition, Relinquish, and Preemption (Continued) 


> 1 © 
OoO};OQ 


© 


BCLKT delay to memory control, 
DAL[31:0] outputs high impedance 
(Bus Relinquish) 


BCLKJ delay to ALE, AS, DAS, 
BEO, BE1, SIZO, S!IZ1 driven 


72 


[tes [HOUDTorALDATdelayioMASTERT] 
to MASTERL 
AC TIMING PARAMETERS 


o>) 


Bus Master 
Parameter 


Test Conditions 


BCLKT delay to ALE/AS valid ——— 3 
BCLKT delay to address valid (Note 6) 
5 


AN 
NM | Oo 


© 


t ee 
t ; 

tre | DAST delay toaddressarven | «Cte 
be [BCLKTdelaytoRWvaid | dT 
1 
in [Baainvaldtlatem BAST [woea | O 
"[monimeedence | 

high impedance 

ALEJ or AST 


BCLKJ delay to DAS (Note 6) Fo | 
BCLKJ delay to DASL } (Note 6). | 0 | 
READYL valid setuptoBCLKT | (Note5) 


DASJ delay to READYLJ (0 wait states) 

(Note 5) (Note 7) 
READYL valid hold from BCLKT | (Note 5) Lo 
BCLKJ delay to DALOL (Note 6) LO 


READYL pulse width (Note 5) 
too BCLK\ delay to Data Out valid 


1 o) 
an) 


+ () i.e) 


o>) 
on 


1) 


73 
74 
75 
76 
77 
78 
79 
te7 
tes 


e8) 
© 
i 
A 
— 
Q. 
D 
ry) 
we 
ro 
Oo 
> 
Cc 
<< 
2 
2 
@ 
& 
i oY) 


DALOTholdtimefromDAST | tact 


b 
] 


W 
2) 
= 
A 
< 
Q. 
oO 
9 
< 
3 
Oo 
> 
> 
Z 
2 
© 
2 
Ww 
oO 


wol@ol@a]co © | & © | |} © ~] WIE NIN ISIN ITN] 
KRlolrm|—a o}]~N oy KR [oO] a OC] OI N| ala] r/o 


Data Out valid setup to DAST (Note 6) 
-40 


tr __ | Data Invalid setup to BCLKI (Note 4) Foo | 
Data In valid hold after BCLKL (Note 4) | 28 


>> 
mo 
—o 

” 
Salis 
PIO} 2 | 
we 

< 

© 

2. 

wn 

oO 

-— 

Cc 

TO 

om 

co) 


Be 
a 
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AC TIMING PARAMETERS 
Serial Timing 


[-# [Parameter | Description | TeatCondltions | Min. 
roa cane a xa 
[105] tow [02 Fal Time @o%tot0x) | —SSS—=«dSCi 
mem 
ror 


| Max. | 

| 50 

5.0 

| 10 

i a er 
internal DI carrier sense on 

oe! 


TxD hold time from TxCT 


21 RxD fall time (Note 3) 
122 


i a 
CRS tow time Note 
CDT high time (Note 6) tnct30 | 


126 | tecora | CDTT delay to ATS de-asserted | (Note 12) 


127 CRS hold time from RXCT (Note 6) p 0 | 


Notes: 

1. CSRO, 3 ,4, and the RAP register can be accessed within 5 BCLK periods. All other CSRs take 15 BCLK periods max. 
2. IEEE 802.3 requirement. 

3. Not tested. 

4. Asynchronous parameters 77 and 78 must be met or synchronous parameters 97 and 98 must be met. 

5 

6 

7 

8 


— | ou 
ae ie 
oO;o 


v © 
O 
= 
2. 
a. 
© 
e:) 
S 
© 
Sere 
ro 
O 
° 
aT 
es) 
a 
& 


—_ | ao 
PO 
© 


—_ 
NO] 


ols 


15 
15 
70 
70 


Ab 


. Asynchronous parameters 85 and 88 must be met or synchronous parameters 84 and 86 must be met. 
. Parameter minimum guaranteed by design—not tested. 
. Parameter shown for 0 wait states. For n wait states, max delay is (1.5+n)*t,,, ,-35 (ns) 
. Shown for 0 wait states. For n wait states, max delay is (8.5+2n)*t,,, ,+40 (ns) 
9. Asynchronous parameters 58 and 64 must be met or synchronous parameters 54 and 56 must be met. 
10. This parameter needs to be met only to produce guaranteed synchronous timing. 
11.For BCLK frequencies below 10MHz, the rise and fall times max value is 10 ns. 
12. Guaranteed by design—not tested. 
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10594-058A 
BCLK and RESET Timing 
BCLK 
rR 
CS (Note A) 
~— Fry en ee 
CD / 
oe 
RW (Write) z 4] / bh 
| pares) aaci A On ea 
RAW (Read) : EN 
a a 
G6) 
= T_T 
ca a 
(Read) 2 a 
ms : fi | G5 
(Write) ‘e 
he a ao 
DALO (Write) = R 
R 


| é7) 
pe _ ke © me oe 


DAL [15:0] 
a —- asad 
. re 
DAL [15:0] WAV AV AVaVa tava VAVAVAVAVAVAS, : = WAY, 
; A vAVAVa' 
(Read) 4.9,0.9,0 +O KXXXXKAL Data Out | wore) avavay, 
=} 
Notes: 61) 
A. CS May be tied to Vss . S) 
B. Timing refers to CS and DAS LOW i 
~ C. DAL[31:16] are active but undefined during 16-bit slave transfers 10594-059A 


Bus Slave Timing (BACON = 00 or 01) 
32-bit 80X86 and 680X0 
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BUS INTERFACE TIMING DIAGRAMS 


BCLK Sol S1 S8|S9 


on = i ia 
BACON=00 HLDA a by 
AC 
MASTER * * 
red - 
Uk i 


BUSREG 
re 

BACON=01 2 BUSAGK el 

BGACK ZITTIMTLER 


nll 

oa 8101 7777 TWIT) {][ ec Bus con} 
| | @ 

eee Host Bus/ [Controy /) (i, ILACC Bus Control N 


@) 


10594-060A 


Bus Acquisiton and Relinquish Timing 


BCLK $7 $8 S1 | | | | S9 | | 


HOLD 


BACON=00 HLDA TL TR (Note A) 


6) 
MASTER 7 


Note: 10594-051A 
A. HLDA is sampled on the falling edge of the S1 state of BCLK 


Bus Pre-emption Timing (80X86 Mode Only) 
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BUS INTERFACE TIMING DIAGRAMS 
f 1st DMA | f . yo ..Nth DMA 


BCLK | $6] $7] Sa} Sol 
HLDA aif ii 
: oe 


72) re a) 
a 
@ Le 


ALE(ACON=0) 


AS(ACON=1) vi 


DAS 


READYL OD 
(NoteA) — — — — 


DALO 


DALI =1 


Notes: 
eee gee a 10594-063A 
A: Timing diagram shows READYL for 0 wait states. For n wait states, 


min = (n + 0.5) * tBCLK - 5 (ns) 
max = (n + 1.5) * tBCLK - 35 (ns) 


B: lf READYL is not returned high prior to sampling in next cycle, a 0 wait state cycle will occur 


Bus Master Write Timing (80X86, BACON = 00) 
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BUS INTERFACE TIMING DIAGRAMS 


‘oo DMA yi poe DMA _ow 


BCLK 


HLDA ———— 


DAL(31:0] 
ALE(ACON=0) 
AS(ACON=1) 


AS 


a aoe eae 
ae & 


Notes: 

A: Timing diagram shows READYL for 0 wait states. For n wait states, 
min = (n + 0.5) * tBCLK - 5 (ns) 
max = (n + 1.5) * tBCLK - 35 (ns) 


10594-062A 


B: 


lf READYL is not returned high orior to samolina in next cvcle. a 0 wait state cvcle will occur 


Bus Master Read Timing (80X86, BACON = 00) 
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BUS INTERFACE TIMING DIAGRAMS 


_ 1st DMA _ Tw poet .Nth DMA yi 
BCLK SO S2 S4 S6 $8 $6} S7| S8|S9 
BUSACK @ 
@ 
rai sed fel 
DAL[31:0 Re Data Out fF Address) Data Out » 


@' om 


AS(ACON=1) ‘ie’ aime 
|| aad 
Teo) 
ALE(ACON=0) feet 


it 


“ uf e 
?4) 65 
——— OD 
READYL 
(NoteB) —~ — — — \\ 
DALO 
DALI =1 
RW 
= a Se 
Notes: 
A: Timing diagram shows READYL for 0 wait states. For n wait states, 10594-065 


min = (n + 0.5) * tBCLK - 5 (ns) 

max = (Nn + 1.5) * tBCLK - 35 (ns) 
8. oss. ee 
lf READYL is not returned high prior to sampling in next cycle, a 0 wait state cycle will occur 


Bus Master Write Timing (680X0, BACON = 01) 
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BUS INTERFACE TIMING DIAGRAMS 


, 1st DMA 7 Tw y 2,...Nth OMA , Tw 
BCLK so|s1]s2/s3]S4]s5] se] 57] S38] S1}S21S3]S4]55| Se] S7] Sa] so 
- 
“di jer] 
DAL(31:0] ) 


Address | Address { Data in 
a i a iz 
AS(ACON=1) 


ne ra 
| rete —Te 
ALE(ACON=0) A pe 


DAS 


(Note B) 


5 any rr ASS 
a 
a 


se, siz (a 


Oo 
Je 


2 


Notes: 


A: Timing diagram shows READYL for 0 wait states. For n wait states, 
min = (n + 0.5) * tBCLK - 5 (ns) 
max = (n + 1.5) * tBCLK - 35 (ns) 


10594-064 


* If READYL is not returned high prior to sampling in next cycle, a 0 wait state cycle will occur 


Bus Master Read Timing (680X0, BACON = 01) 
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SERIAL INTERFACE TIMING DIAGRAMS 


Bit Cell 1 Bit Cell 2 Bit Cell 3 Bit Cell 4 Bit Cell 5 


1 0 1 


Dit 


(Note A) 
| BCC BCB BCC BCB BCC BCC BCB BCC BCB 


IRENA 


IVCO_ENABLE [ 
IVCO , . om | LI Ll LI LI LJ LJ 
5 bit times max. . 
IRCLK . = __ | Ea] 
a ny 


etna eneenrsnnarennsnetsnensmesettrseenoennenatsemnmeemnnanensutiinniimentemnmnenimasniininsemmemmnnnanct | 
IRXD . (Note B) (Note C) 


10594-0664 


Notes: 


A. Min. width > 45 ns 
B. IRXD first decoded bit is not defined until bit time 5 
C. First Valid Data 


Internal SIA Serial Receive Timing 
Start of Reception & Clock Acquisition 


Bit Cell (n—1) 
1 


Bit Cell (n) 
0 


Dit 
| (Note B) \ 
BCC BCB BCC BCB 
mee (Note A) pit 
IVCO LU L 
IRCLK 
S enema” 
IRXD : 
bit (n-1) bit (n) 
. 10594-0674 


Notes: 
A. IRENA deasserts in less than 3 bit times after last Dl+ rising edge 
B. Start of next packet reception (2 bit times) 
Internal SIA Serial Receive Timing 
End of Reception(Last Bit = 0) 
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SERIAL INTERFACE TIMING DIAGRAMS 


Bit Cell (n—-1) Bit Cell (n) 
0 1 
BCC BCB BCC 
IRENA Note A 
ee 
we jm ies 
IRCLK 
| need 
S cen 
IRXD bit (n) 
ee 10594-068A 


‘Note: 
A. IRENA deasserts in less than 3 bit times after last Dl+ rising edge 


Internal SIA Serial Timing 
End of Reception (Last Bit = 1) 


LLL. 
oe 


ITCLK 


° ee 10594-069A 
Internal SIA Transmit Timing 


Start of Packet 


DO+ 


80 Bit Times 


10594-070A 


AUI Port DO ETD Waveform 
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SERIAL INTERFACE TIMING DIAGRAMS 


@ 
© © 


seen may Rene es k@ +=Ik@ | 
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Am79C940-16/25, Am79C945-16 


Media Access Controller for Ethernet (MACE) 


DISTINCTIVE CHARACTERISTICS 


m Am79C940 integrated with 1OBASE-T 
transceiver and AUI port 


m Am79C945 optimized for use with external 
transceivers using AUI 


m@ Supports IEEE 802.3/ANSI 8802-3 and Ethernet 
standards 


m@ Low power, CMOS design with sleep mode 
allows reduced power consumption for critical 
battery powered applications 


mM 84-pin PLCC Package 


M@ Modular architecture allows easy tuning to 
specific applications 


m@ High speed, 16-bit synchronous host system 
interface with 2 or 3 cycles/transfer 


m@ Individual 128 byte transmit and receive FIFOs 
provide increase of system latency and 
support the following features: 

— Automatic retransmission with no FIFO reload 

— Automatic receive stripping and transmit padding 
(individually programmable) 

— Automatic runt packet rejection 

— Automatic deletion of collision frames 


@ © Direct slave access to all on board 
configuration/status registers and 
transmit/receive FIFOs 


m@ Direct FIFO read/write access for simple 
interface to DMA controllers or I/O processors 


GENERAL DESCRIPTION 


The Media Access Controller for Ethernet (MACE) is an 
84-pin CMOS VLSI device designed to provide flexibility 
in customized LAN design. The MACE is specifically 
designed to address applications where multiple I/O 
peripherals are present, and a centralized or system 
specific DMA is required. The high speed, 16-bit 
synchronous system interface is optimized for an 
external DMA or I/O processor system, and is similar to 
many existing peripheral devices, such as SCSI and 
serial link controllers. 


The MACE is a slave register based peripheral. All 
transfers to and from the system are performed using 
simple memory or I/O read and write commands. In 
conjunction with a user defined DMA engine, the MACE 
provides an IEEE 802.3 interface tailored to a specific 
application. Its superior modular architecture and versa- 
tile system interface allow the MACE to be configured as 
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m Arbitrary byte alignment and little/big endian 
memory interface supported 


@ = Internal/external loopback capabilities 


m™ External Address Detection Interface (EADI™) 
for external hardware address filtering in 
bridge/router applications 


m@ JTAG Boundary Scan (IEEE 1149.1) test 
access port interface for board level 
production test 


m@ Integrated Manchester Encoder/Decoder; no 
requirement for external Serial Interface 
Adaptor (SIA) 


™ Digital Attachment Interface (DAI™) aliows 
by-passing of differential Attachment Unit 
Interface (AUI) 


m@ Supports the following types of network 

interface: 

— AUI to external 10BASE2, 10BASE5, 10BASE-T 
or 10BASE-F MAU 

— DAI to external 10BASE-T or 10BASE-F MAU 

— GPSI to external encoding/decoding scheme 

— Internal 10OBASE-T transceiver (Am79C940 only) 
with automatic selection of 1OBASE-T or AUI port 


M Speed grades available: 
— Am79C940 with 16 and 25 MHz system clock 
— Am79C945 with 16 MHz system clock 


a stand-alone device or as a connectivity cell incorpo- 
rated into a larger, integrated system. 


Two versions of the MACE are available. The standard 
version, the Am79C940, provides a complete Ethernet 
node solution with an integrated 10BASE-T transceiver, 
and supports 16 MHz and 25 MHz system clocks. The 
condensed version of the MACE, the Am79C945, is 
similar to the standard version but without the integrated 
10BASE-T transceiver, and supports a 16 MHz system 
clock. Both the Am79C940 and the Am79C945 embody 
the Media Access Control (MAC) and Physical Layer 
Signaling (PLS) sub-layers of the IEEE 802.3 standard, 
and provide an IEEE defined Attachment Unit Interface 
(AUI) for coupling to an external Medium Attachment 
Unit (MAU). The MACE is compliant with 10BASE2, 
10BASE5, 10BASE-T, and 10BASE-F transceivers. 
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Both versions of the MACE have additional features that 
enhance over-all system design. The _ individual 
128 byte transmit and receive FIFOs optimize system 
overhead, providing substantial latency during packet 
transmission and reception, and minimizing intervention 
during normal network error recovery. The integrated 
Manchester encoder/decoder eliminates the need for 
an external Serial Interface Adapter (SIA) in the node 
system. If support for an external encoding/decoding 
scheme is desired, the General Purpose Serial Interface 


RELATED PRODUCTS 


INFORMATION 


(GPS!) allows direct access to/from the MAC. In 
addition, the Digital Attachment Interface (DAI), which is 
a simplified electrical attachment specification, allows 
implementation of MAUs that do not require DC isolation 
between the MAU and DTE. The DAI can also be used 
to indicate transmit, receive, or collision status by 
connecting LEDs to the port. The MACE also provides 
an External Address Detection Interface (EADI) to allow 
external hardware address filtering in internetworking 
applications. 


Description | 
Twisted Pair Ethernet Transceiver (TPEX 

| Enhanced Twisted Pair Ethernet Transceiver (TPEX Plus) 
IEEE 802.3/Ethernet/Cheapernet Transceiver 


Part No. 


IEEE 802.3 10BASE2/5 Compliant Tap Transceiver 


Am79C980 Integrated Multiport Repeater (IMR) 
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CONNECTION DIAGRAM 


SRDCLK XTAL2 
EAM AVSS 
SRD XTAL1 
SF/BD AVCC 
RESET TXD+ 
SLEEP TXP+ 
DVDD TXD- 
a TXP- 
AVSS 
DBUSO Am79C940 RXD+ 
DVSS MACE RXD- 
DBUS1 DVDD 
DBUS2 TDI 
DBUS3 DVSS 
DBUS4 TCLK 
DVSS TS 
DBUSS5 TO © 
DBUS6 CNKST 
DBUS7 RXPOL 
DBUS8 Cs 
DBUS9 R/W 
33 
16235A-002A 


WARNING: The pin-out is subject to change prior to product release. AMD reserves the right to change without notice. 
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CONNECTION DIAGRAM 
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INTR NC 
V 
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WARNING: The pin-out is subject to change prior to product release. AMD reserves the right to change without notice. 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number (Valid 
Combination) is formed by a combination of: 


AM79C940_—sés«-255 J C 


| OPTIONAL PROCESSING 


Blank = Standard Processing 


TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 


PACKAGE TYPE 
J = 84-Pin Plastic Leaded Chip 
Carrier (PL 084) 


SPEED OPTION 
-16 = 16 MHz 
-25 = 25 MHz 


DEVICE NUMBER/DESCRIPTION 
Am79C940 

Am79C945 

Media Access Controller for Ethernet (MACE) 


Valid Combinations 


The Valid Combinations table lists configura- 
tions planned to be supported in volume for 
this device. Consult the local AMD sales of- 
fice to confirm availability of specific valid. 
combinations, to check on newly released 
combinations, and to obtain additional data 
on AMD's standard military grade products. 


Valid Combinations 


AM79C940-16 
AM79C940-25 JC 
AM79C945-16 
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PIN SUMMARY 


| PinName | im Fumction =| Type 
Attachment Unit Interface (AUI) | 

DO+/DO—- Data Out 

Di+/DI- Data In 

Cl+/Cl- Control In 


Digital Attachment Interface (DAI) 
TXDAT+ 

TXDAT- 

‘TXEN/TXEN 


Transmit Data + O 
Transmit Data - O 
Transmit Enable O 
Receive Data — | 

Receive Carrier Sense ie) 
Disable Transceiver O 


| RXDAT 
RXCRS 
| DXCVR 


General Purpose Serial Interface (GPS!) Extension _ 


STDCLK Serial Transmit Data Clock O 
CLSN | Collision — | /O 
External Address Detection Interface (EADI) 


SF/BD Start Frame/Byte Delimiter O 
SRD Serial Receive Data | O 
| 
O 


EAM/R External Address Match/Reject 
SRDCLK SRD Clock 


| System Interface 


Data Bus 

Address 

Read/Write 

Receive Data Transfer Request 
Transmit Data Transfer Request 
Data Transfer Valid 

FIFO Data Strobe 

End Of Frame 

Byte Enable 0 

Byte Enable 1 

Chip Select 

interrupt 

Reset 

System Clock 

Timing Control 


IEEE 1149.1 Test Access Port (TAP) Interface 
| TCLK Test Clock 
Test Mode Select 


Test Data Input 
Test Data Out 
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PIN SUMMARY (Continued) 


Crystal Input 
Crystal Output 
Crystal Clock 
Sleep Mode 
Digital Power (4 pins) 
Digital Ground (6 pins) 
Analog Power (3 pins) 
Analog Ground (3 pins) 
Twisted Pair Transceiver interface (1OBASE-T) Am79C940 only 
TXD+/TXD—- Transmit Data 
TXP+/TXP— Transmit Pre-Distortion 
RXD+/RXD— Receive Data 
LNKST | Link Status 
RXPOL Receive Polarity 


Am79C940-16/25, Am79C945-16 
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Serial Interface Adapter (SIA) _ Devices 
DISTINCTIVE CHARACTERISTICS 
m= Compatible with IEEE 802.3/Ethernet/ 7 @ Input signal conditioning rejects transient noise 

Cheapernet specifications — Transients < 10 ns for collision detector inputs 
m Crystal/TTL oscillator controlled Manchester — Transients < 20 ns for carrier detector inputs 

Encoder mM Receiver decodes Manchester data with worst 
mM Manchester Decoder acquires clock and data case +19 ns of clock jitter (at 10 MHz) — 

within four bit times with an accuracy of +3 ns m@ TTL compatible host interface 
= Guaranteed carrier and collision detection @ Transmit accuracy +0.01% 

squelch threshold limits (without adjustments) 

— Carrier/collision detected for inputs greater 

than -275 mV 


— Nocarrier/collision for inputs less than -175 mV 


GENERAL DESCRIPTION | 

The Am7992B Serial Interface Adapter (SIA) is a quires clock and data within four bit times, and decodes 
Manchester Encoder/Decoder compatible with IEEE Manchester data with worst case +19 ns phase jitter at 
802.3, Cheapernet and Ethernet specifications. In an 10 MHz. SIA provides both guaranteed signal threshold 


IEEE 802.3/Ethemet application, the Am7992B inter- limits and transient noise suppression circuitry in both 
faces the Am7990 Local Area Network Controller for data and collision paths to minimize false start 
Ethernet (LANCE) to the Ethernet transceiver cable, ac- conditions. 

BLOCK DIAGRAM 
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CONNECTION DIAGRAMS 
DIP PLCC 


CLSN [{] 1® 24 [] Collision+ 
RX L] 2 23 1} Collision— 


a | ]RENA 


pe 2) 

RENA {] 3 22 |] Receive+ 
RCLK L} 4 21 {}] Receive— 3 1 
TSEL [] 5 TEST RCLK| | 5 Receive- 
GND; [] 6 19 L} Vcc1 NC] 16 244 | TEST 
GNDo2 Lf 7 18 1} Vcc2 TSEL | 7 231 Vcc: 

Xi {1 8 17 {] PF GND, [18 22 1 |NC 

X2 {] 9 16 [] RF GND.[] 9 211 | Voce 

TX LJ 10 15 [|] GND3 x, [| 10 20 | | PF 


TCLK Lf 11 14 1] Transmit+ 


RF 
TENA [] 12 r] Transmit- XoL] 11 tof 
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Transmit- 
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Note: 
Pin 1 is marked for orientation. 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: | 


AM7992B D Cc B 


—_— OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 


PACKAGE TYPE 

D = 24-Pin (Slim) Ceramic DIP (CD3024) 
J = 28-Pin PLCC (PL 028) 

P = 24-Pin (Slim) Plastic DIP (PD3024) 


SPEED OPTION 
Not Applicable 


DEVICE NUMBER/DESCRIPTION 
Am7992B 
Serial Interface Adapter 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo- 
cal AMD sales office to confirm availability of specific 
valid combinations or to check on newly released 
combinations, and to obtain additional data on 
AMD’s standard military grade products. 


| Valid Combinations 


DC, DCB, JC, 
AM7992B Goi be 
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PIN DESCRIPTION 


CLSN 
Collision (Output, TTL Active HIGH) 


Signals at the Collision+t terminals meeting threshold 
and pulse width requirements will produce a logic HIGH 
at CLSN output. When no signal is present at Collisions, 
CLSN output will be LOW. 


RX 
Receive Data (Output) 


A MOS/TTL output, recovered data. When there is no 
signal at Receive+ and TEST is HIGH, RX is HIGH. RX is 
actuated with RCLK and remains active until RENA is 
deasserted at the end of message. During reception, RX 
is synchronous with RCLK and changes after the rising 
edge of RCLK. When TEST is LOW, RX is enabled. 


RENA 
Receive Enable (Output, TTL Active HIGH) 


When there is no signal at Receive+ RENA is LOW. Sig- 
nals meeting threshold and pulse width “on” require- 
ments will produce a logic HIGH at RENA. When RENA 
is HIGH, Receives signals meeting threshold and pulse 
width “off” requirements will produce a LOW at RENA. 


RCLK 
Receive Clock (Output) 


A MOS/TTL output, recovered clock. When there is no 
signal at Receive+ and TEST is HIGH, RCLK is LOW. 
RCLK is activated 1/4 bit time after the second negative 
Manchester preamble clock transition at Receivet, and 
remains active until end of message. When TEST is 
LOW, RCLK is enabled and meets minimum pulse width 
specifications. 


TX 
Transmit (Input) 


TTL-compatible input. When TENA is HIGH, signals at 
TX meeting setup and hold time to TCLK will be en- 
coded as normal Manchester at Transmit+ and 
Transmit—. 


TX HIGH: Transmit+ is negative with respect to 
Transmit— for first half of data bit cell. 
TX LOW: Transmit+ is positive with respect to 

Transmit-— for first half of data bit cell. 
TENA 


Transmit Enable (Input) 


TTL-compatible input. Active HIGH data encoder en- 
able. Signals meeting setup and hold time to TCLK will 
allow encoding of Manchester data from TX to Trans- 
mit+ and Transmit-. 
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TCLK 
Transmit Clock (Output) 


MOS/TTL output. TCLK provides symmetrical HIGH 
and LOW clock signals at data rate for reference timing 
of data to be encoded. It also provides clock signals for 
the controller chip (Am7990 — LANCE) and an internal 
timing reference for receive path voltage controlled 
oscillators. 


Transmit+, Transmit— 
Transmit (Outputs) 


A differential line output. This line pair is intended to op- 
erate into terminated transmission lines. For signals 
meeting setup and hold time to TCLK at TENA and TX, 
Manchester clock and data are outputted at Transmit+ / 
Transmit—. When operating into a 78 Q terminated 
transmission line, signaling meets the required output 
levels and skew for both Ethernet and IEEE 802.3 drop 
cables. 


Receive+, Receive— 

Receiver (Inputs) 

Adifferential input. A pair of internally biased line receiv- 
ers consisting of a carrier detect receiver with offset 
threshold and noise filtering to detect the line activity, 


and a data recovery receiver with no offset for 
Manchester data decoding. 


Collision+, Collision— 
Collision (Inputs) 


A differential input. An internally biased line receiver in- 
put with offset threshold and noise filtering. Signals at 
Collisiont have no effect on data-path functions. 


TSEL 
Transmit Mode Select (Output, Open Collector; 
input, Sense Amplifier) 


TSEL LOW: __ Idle transmit state Transmit+ is positive 
with respect to Transmit-. 
TSEL HIGH: Idle transmit state Transmit+ and 


Transmit— are equal, providing “zero” 
differential to operate transformer cou- 
pled loads. 


When connected with an RC network, TSEL is held 
LOW during transmission. At the end of transmission 
the open collector output is disabled, allowing TSEL to 
rise and provide a smooth transmission from logic HIGH 
to “zero” differential idle. Delay and output return to zero 
are externally controlled by the RC network at TSEL and 
Transmit+ load inductance. 
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Xi, Xo 
Biased Crystal Oscillator (input) 


X1 is the input and X2 is the bypass port. When con- 
nected for crystal operation, the system clock which ap- 
pears at TCLK is half the frequency of the crystal 
oscillator. X1 may be driven from an external source of 
two times the data rate. 


RF | 

Frequency Setting Voltage Controlled Oscillator 
(Vco) Loop Filter (Output) 

This loop filter output is a reference voltage for the re- 
ceive path phase detector. It also is a reference for tim- 
ing noise immunity circuits in the collision and receive 


enable path. Nominal reference Vco gain is 1.25 TCLK 
frequency MHz/V. 


PF 

Receive Path Vco Phase-Lock Loop Filter (Input) 
This loop filter input is the control for receive path loop 
damping. Frequency of the receive Vco is internally lim- 


ited to transmit frequency +12%. Nominal receive Vco 
gain is 0.25 reference Vco gain MHz/V. 


TEST 
Test Control (Input) 


A static input that is connected io Vcc for Am7992B/ 
Am7990 operation and to Ground for testing of Re- 
ceive+ path threshold and RCLK output high parame- 
ters. When TEST is grounded, RX is enabled and RCLK 
is enabled except during Clock acquisition when RCLK 
is HIGH. 

GND, 

High Current Ground 

GND2 

Logic Ground 

GND; 

Voltage Controlled Oscillator Ground 

VCC, 

High Current and Logic Supply 

VCC2 

Voltage Controlled Oscillator Supply 
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FUNCTIONAL DESCRIPTION 


The Am7992B Serial Interface Adapter (SIA) has three 
basic functions. It is a Manchester Encoder/line driver in 
the transmit path, a Manchester Decoder with noise fil- 
tering and quick lock-on characteristics in the receive 
path, and a signal detect/converter (10 MHz differential 
to TTL) in the collision path. In addition, the SIA provides 
the interface between the TTL logic environment of the 
Local Area Network Controller for Ethernet (LANCE) 
and the differential signaling environment in the trans- 
ceiver cable. 


Transmit Path 


The transmit section encodes separate clock and NRZ 
data input signals meeting the set-up and hold time to 
TCLK at TENA and TX, into a standard Manchester II 
serial bit stream. The transmit outputs (Transmit+ 
/Transmit—) are designed to operate into terminated 
transmission lines. When operating into a 78 Q termi- 
nated transmission line, signaling meets the required 
output levels and skew for IEEE 802.3/Ethernet/ 
Cheapernet. 


TX Manchester 
Encoder DO+t 


03378H-004A 


Figure 1. Transmit Section 


TSEL 
Pin 5 


03378H-005A 


A. TSEL LOW 


Transmitter Timing and Operation 


A 20 MHz fundamental mode crystal oscillator provides 
the basic timing reference in the SIA. It is divided by two 
to create the Transmit Clock reference (TCLK). Both 
20 MHz and 10 MHz clocks are fed into the Manchester 
Encoder to generate the transitions in the encoded data 
stream. The 10 MHz clock, TCLK, is used by the SIA to 
internally synchronize Transmit (TX) data and Transmit 
Enable (TENA). TCLK is also used as a stable bit rate 
clock by the receive section of the SIA and by other de- 
vices in the system (the Am7990 LANCE uses TCLK to 
drive its internal state machine). The oscillator may use 
an external .005% crystal or an external TTL-level input 
as a reference which will achieve a transmit accuracy of 
.01% (no external adjustments are required). 


Transmission is enabled when TENA is activated. As 
long as TENA remains HIGH, signals at TX will be en- 
coded as Manchester and will appear at Transmit+ and 
Transmit-. When TENA goes LOW, the differential 
transmit outputs go to one of two idle states: 


TSEL HIGH: The idle state of Transmitt yields 
“zero” differential to operate transformer-coupled 
loads (see Figure 2, Transmitter Timing — End of 
Transmission waveform diagram and Typical Per- 
formance Curve diagram). 


TSEL LOW: In this idle state, Transmit+ is positive 
to Transmit— (logical HIGH) (see Figures and dia- 
grams as referenced above). 


The End of Transmission — Return to Zero is determined 
by the external RX network at TSEL and by the load at 
Transmit+. 


Vec 


680 pF 


3K 


TSEL 
Pin 5 
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B. TSEL HIGH 


Figure 2. Transmit Mode Select (TSEL) Connection 
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ALS Driver or 
Equivalent 


03378H-007A 


Figure 3. TTL Clock Driver Circuit for X: 


SIA Oscillator 


Specification for External Crystal 


When using a crystal to drive the Am7992B oscillator, 
the following crystal specification should be used to en- 
sure a transmit accuracy of 0.01%: 


Resonant een Error with C. = 50 pF 


[Change n Resonant Fever Tempera winGc=S0pF [a0 [| [sao Pow 
|ParallelResonant Frequency withCi=50pFo | | S20 S| MH 


a 


Some crystal manufacturers have generated Crystals to 
this specification. One such manufacturer is Reeves- 
Hoffman. Their ordering part number tor this crystal is 
RH#04-20423-312. Another manufacturer is Epson — 
Part #MA 506-200M-50 pF which is a surface-mounted 
Crystal. 


Specification for External TTL Level 


When driving the oscillator from an external clock 
source, X2 must be left floating (unconnected). An exter- 
nal clock having the following characteristics must be 
used to ensure less than +0.5 ns jitter at Transmit+ (see 
the X: Driven from External Source waveform diagram 
and the TTL Clock Driver Circuit for X:, Figure 3): 


Clock Frequency: 20 MHz +0.01% 
Rise/Fall Time (tr/tF): < 4 ns, monotonic 
X1 HIGH/LOW Time (tHicH/ttow): > 20 ns 


Xi Falling Edge to Falling Edge Jitter: 
< +0.2 ns at 1.5 V input 


Receiver Path 


The principle functions of the Receiver are to signal the 
LANCE that there is information on the receive pair, and 
separate the incoming Manchester-encoded data 
stream into clock and NRZ data. 


The Receiver section (see Figures 4 and 5) consists of 
two parallel paths. The receive data path is a zero 
threshold, wide bandwidth line receiver. The carrier path 
is an offset threshold bandpass detecting line receiver. 
Both receivers share common bias networks to allow 
operation over an input common mode range. of 0 to 
5.5 volts. 
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Figure 4. Receiver 
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Figure 5. Receiver Section Detail 


Input Signal Conditioning 


The Carrier Receiver detects the presence of an incom- 
ing data packet by discerning and rejecting noise from 
expected Manchester data. It also controls the stop and 
start of the phase-lock loop during clock acquisition. In 
the Am7992B, clock acquisition requires a valid 
Manchester bit pattern of 1010 to lock on the incoming 
message (see Receive Timing — Start of Reception 
Clock Acquisition waveform diagram). 


Transient noise pulses less than 20 ns wide are rejected 
by the Carrier Receiver as noise and DC inputs more 
positive than -175 mV are also suppressed. Carrier is 
detected for input signal wider than 45 ns with amplitude 
more negative than ~275 mV. When input amplitude 
and pulse width conditions are met at Receivet, RENA 
is asserted and a clock acquisition cycle is initiated. 


Clock Acquisition 


When there is no activity at Receive+t (receiver is idle), 
the receive oscillator is phase locked to TCLK. The first 
negative clock transition (first valid Manchester “0”) af- 
ter RENA is asserted interrupts the receive oscillator 
and presents the INTRCLK (internal clock) to the HIGH 
state. The oscillator is then restarted at the second 
Manchester “0” (bit time 4) and is phase locked to it. As a 
result, the SIA acquires the clock from the incoming 
Manchester bit stream in four bit times with “1010” 


Manchester bit pattern. The 10 MHz INTRCLK and 
INTPLLCLK are derived from the internal oscillator 
which runs at 4 times the data rate (40.0 MHz). The 
three clocks generated internally are utilized in the fol- 
lowing manner: 


INTRCLK: After clock acquisition, INTRCLK 
strobes the incoming data at 1/4 bit time. Receive 
data path sets the input to the data decode register 
(Figure 5). 

INTPLLCLK: At clock acquisition, INTPLLCLK is 
phase locked to the incoming Manchester clock 
transition at Bit Cell Center (BCC). The transition at 
BCC is compared to INTPLLCLK and phase cor- 
rection is applied to maintain INTRCLK at 1/4 bit 
time in the Manchester cell. 


INTCARR: From start to end of a message, 
INTCARR is active and estab!ishes RENA Turn-off 
synchronously with RCLK rising edge. Internal car- 
rier goes active when there is a negative transition 
that is more negative than -275 mV and has a 
pulse width greater or equal to 45 ns. Internal car- 
rier goes inactive typically 155 ns after the last posi- 
tive transition at Receive+. 

When TEST is strapped LOW, RCLK and RX are en- 


abled 1/4 bit time after clock acquisition in bit cell 5. RX 
is at HIGH state when the receiver is idle and TEST is 
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strapped HIGH (no RLCK). RX, however, is undefined 
when clock is acquired and may remain HIGH or change 
to LOW state whenever RCLK is enabled. At 1/4 bit time 
of clock transition in bit cell5, RCLK makes its first exter- 
nal transition. It also strobes the incoming fifth bit 
Manchester “1.” RX may make a transition after the 
RCLK rising edge in bit cell 5, but its state is still unde- 
fined. The Manchester “1” at bit 5 is clocked to RX output 
at 1/4 bit time in bit cell 6. 


PLL Tracking 


After clock acquisition, the INTPLLCLK is compared to 
the incoming transitions at BCC and the resulting phase 
error is applied to a correction circuit. This circuit en- 
sures that INTPLLCLK remains locked on the received 
signal. Individual bit cell phase corrections of the Vco 
are limited to 10% of the phase difference between BCC 
and INTPLLCLK. Hence, input data jitter is reduced in 
RCLK by 10 to 1. | 


Carrier Tracking and End of Message 


The carrier receiver monitors Receive+ input after 
RENA is asserted for an end of message. INTCARR 
deasserts typically 155 ns to 165 ns after the incoming 
message transitions positive. This initiates the end of re- 


ception cycle. INTCARR is strobed at 3/4 bit time by the | 


falling edge of INTRCLK. The time delay from the last 
rising edge of the message to INTCARR deassert al- 
lows the last bit to be strobed by RCLK and transferred 
by the LANCE without an extra bit at the end of mes- 
sage. When RENA deasserts (see Receive Timing— 
End of Reception waveform diagrams), a RENA hold off 
timer inhibits RENA assertion for at least 120 ns. 


Vcc 
Ri 35109“ 
C2 20p 
R2 
a 100 pF | 
} ae 
20 MHz Co 100 pF 4 
Parallel = 
Mode. 
Crystal 
50 pF ‘ 
0.005% Accuracy 
Notes: 


Data Decoding 


The data receiver is a comparator with clocked output to 
minimize noise sensitivity to the Receive+ inputs. Input 
error (VIRD) is less than+35 mV to minimize sensitivity 
to input rise and fall time. RCLK strobes the data re- 
ceiver output at 1/4 bit time to determine the value of the 
Manchester bit and clocks the data out at RX on the fol- 
lowing RCLK. The data receiver also generates the sig- 
nal used for phase detector comparison to the internal 
Am7992B Vco. 


Differential I/O Terminations 


The differential input for the Manchester data (Re- 
ceivet) is externally terminated by two 40.2 ohm +1% 
resistors and one optional common-mode bypass Ca- 
pacitor. The differential input impedance, Zior and the 
common-mode input, Zicm. are specified so that the 
Ethernet specification for cable termination impedance 
is met using standard 1% resistor terminators. The Colli- 
sion+ differential inputs are terminated in exactly the 
same way as the receive inputs (see Figure 6). 


Collision Detection 


A transceiver detects collisions on the network and gen- 
erates a 10 MHz signal at the Collision+ inputs. This col- 
lision signal passes through an input stage which 
detects signal levels and pulse duration. When the sig- 
nal is detected by the Am7992B it sets the CLSN line 
HIGH. This condition continues for approximately 160 
ns after the last LOW-to-HIGH transition on Collision+. 


40.2 Q21% 

Collision+ 24 —w02 hq A 
Collision— 23 |_| Fe AL Or C4 To uF 
Receive+ 22 [|__| Fey Ay fom catia 
Receive—- 21 | | 0.1 pF== Cs 

TEST 20 =o avec 

Vec1 19 [_| os alee 

Vcec2 18 a — 

uae 4700 pF ie 


RF 16 


GNDs 15. 


Transmit+ 14 
Transmit— 13 


© 

_ 
zr 

7 


03378H-010A 


1. Connect Ri, R2, C1, C2 for 0 differential nontransmit. Connect to ground for logic 1 differential nontransmit. 


2. Pin 20 shown for normal device operation. 


3. The inclusion of C4 and Cs is necessary to reduce the common-mode loading on certain transceivers which are direct 


coupled. 


4. C2reduces the amount of noise from the power supply and crosstalk from RCLK that can be coupled from TSEL through to 


the transmitt outputs. 


Figure 6. External Component Diagram 
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Jitter Tolerance Definition and Test 


The Receive Timing-Start of Reception Clock Acquisi- 
tion waveform diagram shows the internal timing rela- 
tionships implemented for decoding Manchester data in 
the Am7992B. The Am7992B utilizes a clock capture 
Circuit to align its internal data strobe with an incoming 
bit stream. The clock acquisition circuitry requires four 
valid bits with the values 1010. Clock is phase locked to 
the negative transition at BCC of the second “0” in the 
pattern. 


Since data is strobed at 1/4 bit time, Manchester transi- 
tions which shift from their nominal placement through 
1/4 bit time will result in improperly decoded data. For 
IEEE 802.3/Ethemet, this results in the loss of a mes- 
sage. With this as the criteria for an error, a definition of 
“Jitter Handling” is: 


That peak deviation from nominal input transi- 
tion approaching or crossing 1/4 bit cell posi- 
tion for which the Am7992B will properly 
decode data. 


Four events of signal are needed to adequately test the 
ability of the Am7992B to properly decode data trom the 
Manchester bit stream. For each of the four events two 
time points within a received message are tested; (See 
Input Jitter Timing Waveforms): 


1. Jitter tolerance at clock acquisition, the measure of 
clock capture, (Case 1—4). 


2. Jitter tolerance within a message after the ana- 
logue PLL has reduced clock acquisition error to a 
minimum, (case 5-8). 


The four events to test are shown the Input Jitter Timing 
Waveform diagram. They are: 


1. BCC jitter for a 01 bit pattern 
2. BCC jitter for a 10 bit pattern 
3. BCB jitter for an 11 bit pattern 
4. BCB jitter for an XO bit pattern 
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The test signals utilized to jitter the input data are artifi- 
Cial in that they may not be realizable on networks (ex- 


amples are cases 2, 3 and 4 at clock acquisition). 


However, each pattern relates to setup and hold time 
measurements for the data decode register (Figure 5). 
Receive+ and Receive— are driven with the inputs 
shown to produce the zero crossing distortion at the dif- 
ferential inputs for the applicable test. Case 4 and 8 re- 
quire only a single zero to implement when tested at the 
end of message. 


Levels used to test jitter are within the common-mode 
and differential-mode range of the receive inputs and 
also are available from automatic test equipment. It is 
assumed that the incoming message is asynchronous 
with the local TCLK frequency for the Am7992B. This 
ensures that proper clock acquisition has been estab- 
lished with random phase and frequency error in incom- 
ing message. An additional condition placed on the jitter 
tolerance test is that it must meet all test requirements 
within 10 ms after power is applied. This forces the 
Am/7992B crystal oscillator to start and lock the ana- 
logue PLL to within acceptable limits for receiving froma 
cold start. 


Case 1 of the test corresponds to the expected 
Manchester data at clock acquisition and average val- 
ues for clock leading jitter tolerance are 21.5 ns. For 
cases 5 through 8, average values are 24.4 ns. Cases 5 
through 8 are jittered at bit times 55 or 56 as applicable. 
The Am7992B, then, has on average 0.6 ns static phase 
error for the noise-free case. 
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APPLICATION 
| MAU 
a 
re 7 
AUL -—- ) oy 
DTE Cable j ; TAP 
| 
ETHERNET - | sce, 
| 


bo LOC Bus ee EEA See EASY LORETO A TT ee J L—J 
jee cae eee eee J 
AUI — Attachment Unit Interface oo 
DTE — Data Terminal Equipment 
MAU ~— Medium Attachment Unit 
DTE . ETHERNET 
| COAX 
CH 
7 


RG58 
BNC “T” 


Local Bus 


ee 


03378H-011A 


Figure 7. Typical ETHERNET Node 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature —65°C to +150°C 
Ambient Temperature with 

Power Applied 0 to +70°C 
Supply Voltage Continuous +7.0V 
DC Voltage Applied to Outputs -0.5 V to Vcc Max. 
DC Input Voltage (Logic Inputs) +5.5V 
DC Input Voltage 

(Receive+/Collision+t) -610+16V 
Transmit+ Output Current —50 to +25 mA 
DC Output Current, Into Outputs 100 mA 
DC Input Current (Logic Inputs) +30 mA 
Transmit+ Applied Voltage 0to+16V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to Absolute Maxi- 
mum Ratings for extended periods may affect device reliabil- 
ity. Programming conditions may differ. 
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OPERATING RANGES 
Commercial (C) Devices 


0°C to +70°C 
+5.0 V+5% 


Temperature (Tc) 
Supply Voltage (Vcc) 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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Parameter > * | COM’L 
Symbol | Parameter Description Test Conditions | Min. | 


, | Max. | 
VoH Output HIGH Voltage RX, lo = —1.0 mA, Vcc = Min. 
RENA, CLSN, TCLK, RCLK 
Vo. | Output LOW Voltage lo. = 16 MA, Vcc = Min. FT O05 | 
RCLK, TSEL, TCLK, RENA, RX, CLSN_ [lot = 1 mA, Voc = Min. | 0.4 | 
Von _| Differential Output [TX+ > TX- for Vo | | 
Voltage TX+ < TX— for Vo | Ri = 78 Q -770 
(Transmit+) — (Transmit-) 


Von orr | Transmit Differential Output Idle Voltage |Vcc = Min., Ri = 78 Q,|(Note 1) | -20 | 
lovorr | Transmit Differential Output Idle Current | TSEL = HIGH (Note 2) 


f 


Vc Transmit Output Common-Mode Voltage 


Vooi Transmit Differential Output Voltage 


Imbalance ||Vo] — |Vo|| 


( ) 
inputHIGH Voltage TXTENA | 
Input HIGH Current TX, TENA, TEST —_—‘| Vcc = Max., Vin = 2.7 V | | 450 | 
Input LOW Current TX, TENA ee ee 

TX, ~400 


V 
V 


IH 
IL 
lie Input LOW Current TX, TENA, TEST Vcc = Max., Vin = 0.4 V 


Differential Input Threshold : Package 
(Receive Data) 
Package —65 


ViRD 


VIRVD 


Virve 


Vine Differential Input Threshold to 
Detect Carrier Vom = 0 V (Note 4) —175 | -275 


cc Power Supply Current Vcc = Max. (Note 5) 


Vip Input Breakdown Voltage (TX, TENA, 
TEST) li= 1 MA, Voc = Max. 


Vic Input Clamp Voltage lin = -18 mA, Vcc = Min. | | 1.2 | 
p | Undershoot Voltage on Transmit | 
_ | Return to Zero (End of Message) (Note 3) —10 
SC Short Circuit Current 
RCLK, RX, TCLK, CLSN, RENA Vcc = Max. (Note 6) —40 


Differential Input Resistance Vcc = 0 to Max. (Note 3) | 6 | 
Rica | Common Mode Input Resistance Vcc = 0 to Max. (Note 3) 


Vicm Receive and Collision Input Bias | 
Voltage lin = 0, Vcc = Max. : 
lio Receive and Collision Input LOW 
| Current | Vin = —1 V, Voc = Max. | -t. 
Receive and Collision input HIGH 
Current Vin = 6 V, Voc = Min. +1.10} mA 


-~ 
= 
o 
4 
© 
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DC CHARACTERISTICS (Continued) 


Receive and Collision Input HIGH 
Current Power Off Vcc = 0, Vin = +6 V 


= 

| _ tax _| Oscillator (X1) Input HIGH Current =| Vin=2.4V,Voc=Max. | ——_—{ +800] pA | 
| 2.0 | 
eee 


Oscillator (X1) Input LOW Current Vin = 0.4 V, Voc = Max 


Oscillator (X1) Input HIGH Voltage Note 3) 
Oscillator (X1) Input LOW Voltage (Note 3) 


Notes: 
See notes following Switching Characteristics table. 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified | 


wo. | parameters | peseription Test conations | min | max. | unit 


Receiver Specification 


[+ [ter [ACLKGyce Time res [ae | ve 
2 | tach | RCLKHIGHTime 38 | | ns | 
p38 | tee RCLKLOWTime 38 | ns 
RCLK Rise Time | | 8 | ons | 
RCLK Fall Time Ft 8 Tons | 
RX Rise Time Note) Pe [re 
BX Fall Tine | 8 | ts | 
RX Hold Time (RCLK 7 to RX Change) } 5 | [ons | 


| taos_—_| RX Prop Delay (RCLK 7 to RX Stable) | 
RENA Turn-On Delay (Vipc Max. on | 
Receive + to RENAn) 
RENA Turn-On Delay (Vipc Min. on 
Receive + to RENAL) (Note 9) 


of 


= 
Ol 
© 


| toPL RENA LOW Time | (Note 10) 
a | Receive + Input Pulse Width to Reject 
(Input < Vioc Max.) | | 
| : (Note 4) 
tRPWO Receive + Input Pulse Width to Turn-On 
pe eee 


| treoo = | RENAHoldTime(RCLKTtoRENAL) | 


tRPWN Receive + Input Pulse Width to 
Not Turn-Off INTCARR 
sion Specification 
tcpwrR Collision + Input Pulse Width to Not 
Turn-On CLSN (Input < Vince Min.) 
tcpwo Collision + Input Pulse Width to Turn-On 
CLSN (Input > Vioc Max.) 
| | a (Note 4) 
tcPWE Collision + Input Pulse Width to Turn-Off 
CLSN (Input > Vioc Max.) 
tCPWN Collision + Input Pulse Width to Not 
Turn-Off CLSN (Input < Vipc Max.) 
tCPH CLSN Turn-On Delay (Vinc Max. on | 
Collision + to CLSNu) 
23 tcPo CLSN Turn-On Delay (Vipc Min. on 
Collision + to CLSNL) 


_ 
NO 
© 


13 


_ = 
os Nh 


_ 
N 
oI 


g 


22) 
oO 
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SWITCHING CHARACTERISTICS (Continued) 


wo. | Parameters | beserpton Test conattions | win. | wax. | unt 


Transmitter Specification 


[2s | ta [TiKLOwTme ——SSC~=~“~*~idCSC‘ TD Cd SC 
ras [ten | TOuKHIGHTime as 


T26 
28 
= 
30 
=n 
= 
vse] 
<a 
= 
= 


Jitter Tolerance After 50 Bit Times Vcc = 5.0 V (Note 1) 


*Min. = 4.5 V, Max. = 5.5 V, Tosc = 50 ns; in production test, all differential input test conditions are done single-ended, 
non-Virp levels are forces on DUT for waveform swing (levels chosen are due to tester limitations) and a distortion-free 
preamble is applied to Receive+ inputs. 


Notes: 


1. Tested but to values in excess of limits. Test accuracy not sufficient to allow screening guardbands. 
2. Correlated to other tested parameter: lop OFF = Vop OFF/RL. 
3. Not tested. 
4. Test done by monitoring output functionally. 
5. Receive, Collision and Transmit functions are inactive: X1 driven by 20 MHz. 
6. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
7. TCLK changes state on X1 rising edge, but initial state of TCLK is not defined. When TENA is High, TX data is 
Manchester encoded on the falling edge of X; after the rising edge of TCLK. 
8. Assumes 50 pF capacitance loading on RCLK and RX. 
9. Test is done only for last BIT = 1, which is worst case. 
10. Test done from 0.8 volts of falling to 2.0 volts of rising edge. 
11. Test correlated to TTcH. 
12. Measured from 50% point of X1 driving the input in production test. 
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KEY TO SWITCHING WAVEFORMS 
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WAVEFORM 


INPUTS 


Must be 
Steady 


May 
Change 
from H to L 


May 
Change 
from L to H 


Don’t Care, 
Any Change 
Permitted 


Does Not 
Apply 


Am7992B 


OUTPUTS 


Will be 


Steady 


Will be 
Changing 
from H to L 


Will be 
Changing. 
from L to H 


Changing, 
State 
Unknown 


Center 

Line is High- 
Impedance 
“Off” State 


KS000010 


SWITCHING WAVEFORMS 


| 
| BitCell 2 


| 
BitCell3 | 
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| | 
| Bit Cell 1 | BitCell4 | Bit Cell 
| 1 0 r 1 \ 0 | 1 
Receivet | | | e 
(Measured | | 
Differentially) | 
BCC BCB BCC BCC BCB 
4 0 1 ? 
INTCARR 
RENA 
“o>. \ 
Vco Enable 
Vco gone | 
INTRCLK (Note B) G N » | 
rt ( 
RCK Enable (4 
RCLK y Ges hia 
Le, ae eS 
———=<—____\ 5) 
mx ee Xf Nove 
INTPLLCLK 1 | - 
I Lo 2 
03378H-012A 
Notes: 
A. Minimum Width > 45 ns 
B. RCOLK = INTRCLK when TEST LOW 
C. RX undefined until bit time 5 (1st decoded bit) 
D. Oscillator Interrupt may occur at 2nd INTRCLK after Bit 2 Clock Transition 
E. Timing Diagram does not include Internal Propagation Delays 
F. First valid data at RX (Bit 5) 
Receive Timing — Start of Reception Clock Acquisition 
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SWITCHING WAVEFORMS 
1 
Bit (N— 1) 
Receive+ 
(Measured 


Differentially) 


INTCARR 


RENA 


Vco Enable 


Vco 


INTRCLK 


RCK Enable 


RCLK 


RX 


PLL CLK 


Notes: 


A. INTCARR deasserts 1.55 bit times after last Receivet Rising Edge 
B. Start of Next Packet 
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Receive Timing — End of Reception (Last Bit = 0) 


BCC BCB 


hry 


Bit (N- 1) 


Am7992B 


| (Note A) 
ee N 
‘i 


__(Note B) 
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SWITCHING WAVEFORMS 


Receivet 
(Measured 
Differentially) 


INTCARR 


Vco Enable 


Vco 


INTRCLK 


RCK Enable 
RCLK 
RX 


RENA 


PLL CLK 


Note: 


0 
Bit (N — 1) 


| 
| 1 | 
| 


BCC BCB BCC 
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A. INTCARR deasserts 1.55 bit times after last Receivet Rising Edge 


Receive Timing — End of Reception (Last Bit = 1) 
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SWITCHING WAVEFORMS 
(Note A) 
X1 
TCLK 
TENA 
TX 
TSEL (Note B) 
Transmit+ 
(Note C) 
Transmit— | 
(Note C) 
Transmitt | | tA 
(Measured 
Differentially) (Note B) 7 


03378H-015A 


Notes: 


A. X1 20 MHz Sine Wave from Crystal Oscillator or driven with X1 driven from External Source Waveform. 
B. TSEL connected as shown in Figure 2B. For Figure 2A, Transmit+ is HIGH when TENA is LOW. 
C. When Idle Transmitt Zero Differential is 1/2 (VH + VL). 


Transmit Timing — Start of Packet 
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SWITCHING WAVEFORMS 


» POL 


TCLK 


TENA 
TSEL | 
CASE 1 IXYXXXXXXXXX 
TX (Last Bit = 0) 
Transmit+ | | | | | | 
Transmit— | | | | | | 


Vo 0.5 Vo at 2s 


Transmitt 
(Measured Differentially) = 


ae 
Bit (N-2) Bit (N—1) Bit N 
aes eee eee ee 


BCC BCB BCC BCB BCC BCB 


CASE 2 
TX (Last Bit = 1) 
Transmit+ | | | | 


Transmit— | | | | 
Vo »_¥ 0.5 Vo at 2 ps 
Transmitt 


(Measured Differentially) ~ 
Vo — 
03378H-016B 


Transmit Timing — End of Transmission* 
*TSEL Components (see Figure 2B) 
See Typical Performance Curve for Response at End of Transmission with Inductive Loads 
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SWITCHING WAVEFORMS 
+ , 
Collision OV 
Presencet : 
——-——F— Vinc Max. Vince Max. 
(22) (23) 
CLSN 
g—- 2.0 V BV 
03378H-017A 
Collision Timing 
x1 ‘an 
TCLK Xk 2V 
| 
| 
TENA 
! 
je : 
| 80% 80% 
Transmitt 
ured Differentially) l ry ae ae ee ee — 50% 
20% 20% . 
03378H-018A 


_ Transmit Timing (at start of packet) 
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SWITCHING WAVEFORMS 


Receivet 
(Measured Differentially) = _ ner 
Vipoc Min. 
(-175 mV) 
Vipc Max. 
(-275 mV) Viravod -1.5V 
RENA 
03378H-019A 
Receive+ Input Pulse Width Timing 
Collisiont 
(Measured Differentially) 15 V 
Vine Min. 
(-175 mV) 
Vipc Max. 
(-275 mV) Virnvb -1.5V 
CLSN 
03378H-020B 


Collision+ Input Pulse Width Timing 


RCLK A_| dt 
é 


RX 


03378H-021B 


RCLK and RX Timing 
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SWITCHING WAVEFORMS 
25)-ere-(24) 
2.0 V 
TCLK 
| 0.8 VIZ 0.8 0.8V 
28) 29) 
© ©- 
ma 2.0 2.0 
TX Nos! os 
2.0V 
TENA hie 
03378H-022A 
TCLK and TX Timing 
Tosc 
x 2.0-4-—-—-—— 
Driving 1.5 fh Masten (2a) Summa ee 
Input 0.8— ——— = 
tR* tF* 
2.0 
TCLK 
Transmit+, Transmit— 
(Note A) ~~ 77 Pee ee ey ee, ee 
BCC BCB 
(Bit Cell Center) (Bit Cell Boundary) 
03378H-023A 
Note: 3 


A. Encode Manchester clock transition (BCC) at Point ‘A’ and bit cell edge (BCB) at point ‘B’. 
“See Specification for External TTL Level in Functional Description section. 


X1 Driven from External Source 
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SWITCHING WAVEFORMS 


Bit Number 


INTRCLK ) t a e a a a r) 
BCC BCC BCC BCC i BCC BCC BCC BCC 
PLL CLK | | | 
1/4 Bit Cell | | | 


Receivet j;5y 
Receive— 


(Note A) , 
Receivet 15V 


RX ND Gi, 


+3V 
Receive+ Oo. l 
Receive—  ,, cy 
(Note B) : 
0 FIN 


Receive+ 


RX 


Receive+ 


Receive— 


Nees) Receive+ 


RX 


Receive+ 


Receive— 
(Note D) 


Receivet 


RX NEX [| LN | | 
| | 
1/4 Bit Cell | | Strobe | | 
>} RX 


Notes: 03378H-024A 
A. Case 1, 5 Data Bit Pattern 0, 1 
Rising clock edge moved toward 1/4 bit cell RCLK data strobe. Case 1 uses bit 5, Case 5 uses bit 55. 


B. Case 2, 6 Data Bit Pattern 1, 0 
Falling clock edge moved toward 1/4 bit cell RCLK data strobe. Case 2 uses bit 6, Case 6 uses bit 56. 


C. Case 3, 7 Data Bit Pattern 1, 1 
Falling bit cell edge moved toward 1/4 bit cell RCLK data strobe. Case 3 uses bit 6, Case 7 uses bit 56. 


D. Case 4, 8 Data Bit Pattern X, 0 
Rising bit cell edge moved toward 1/4 bit cell RCLK data strobe. Case 4 uses bit 5, Case 8 uses bit 55. 


Input Jitter Timing 
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TYPICAL PERFORMANCE CURVE 


400 


Differential Output 
Voltage (Vo) 300 
(mV) 


200 


Time (ps) 03378H-025A 


End of Transmission — Differential Output Voltage” 


*Equivalent Load: 


Notes: 


1. 802.3 Test Load: 


Am7992B | Am7996 
75 pH NOM. . 75 pH NOM. 


e 
2. 802.3 10BASES5 Network Connection: A 
e 


Am7992B 95 wH 


3. 802.3 10BASE2 Network Connection: —~ Do Fe 
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SWITCHING TEST CIRCUITS 
Transmit+ 
DUT 
50 pF 
L Transmit- 
03378H-027A 03378H-028A 
A. Test Load for RX, RENA, RCLK, B. Transmit+ Output 
TCLK, CLSN 


DC Voltage 


03378H-029A 


C. Receive+ and Collision+ Input 
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IEEE 802.3/Ethernet/Cheapernet Transceiver 


DISTINCTIVE CHARACTERISTICS 


m= Compatible with Ethernet Version 2 and IEEE 
802.3 10BASE5 and 10BASE2 specifications 


m@ Pin-selectable SQE Test (Heartbeat) option 


@ internal Jabber Controller prevents excessive 
transmission time 


GENERAL DESCRIPTION 


The Am7996 IEEE 802.3/Ethernet/Cheapernet Trans- 
ceiver supports Ethernet Version 2, IEEE 802.3 
(10BASE5), and IEEE 802.3 (10BASE2 — Cheapemet) 
transceiver applications. Transmit, receive, and colli- 
sion detect functions at the coaxial media interface to 
the Data Terminal Equipment (DTE) are all performed 
by this single device. 


In an IEEE 802.3 (10BASE5)/Ethernet application, the 
Am7996 interfaces the coaxial (0.4” diameter) media to 
the DTE through an isolating pulse transformer and the 
78 Q Attachment Unit Interface (AUI) cable. In 
IEEE 802.3 10BASE2 — Cheapernet applications, the 
Am7996 typically resides inside the DTE with its signals 
to the DTE isolated and the coaxial (0.2” diameter) me- 
dia directly connected to the DTE. Transceiver power 


Advanced 
Micro 
Devices 


™@ Noise rejection filter ensures only valid data is 
transmitted onto network 


@ Collision detection on both transmit and receive 
data 


m Collision detect threshold levels adjustable for 
other networking applications 


and ground in both applications are isolated from that of 
the DTE. 


The Am7996’s Tap Driver provides controlled skew and 
current drive for data signalling onto the media. The Jab- 
ber Controller prevents the node from transmitting ex- 
cessively. While transmitting, collisions on the media 
are detected if one or more additional stations are trans- 
mitting. 


The Am7996 features an optional SQE Test function 
that provides a signal on the C/ pair at the end of every 
transmission. The SQE Test indicates the operational 
status of the C/ pair to the DTE. It can also serve as an 
acknowledgement to the node that packet transmission 
onto the coax was completed. 
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ORDERING INFORMATION 
Standard Products - 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of the following elements: 


OPTIONAL PROCESSING 
Blank = Standard Processing 
B = Burn-in _ 
TR = Tape and Reel Packing 


TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 


PACKAGE TYPE 

P = 20-Pin Plastic DIP (PD 020) 

D = 20-Pin Ceramic DIP (CD 020) 

J = 20-Pin Plastic Leaded Chip Carrier 


(PL 020) 
SPEED OPTION 
Not Applicable 
DEVICE NUMBER/DESCRIPTION 
Am7996 
IEEE 802.3/Ethernet/Cheapernet Transceiver 
Valid Combinations 
Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo- 
cal AMD sales office to confirm availability of specific 
valid combinations or to check on newly released 
combinations, and to obtain additional data on 
AMD's standard military grade products. 


AM7996 PC, PCB, DC, 
DCB, JC, JCTR 
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PIN DESCRIPTION 
Attachment Unit Interface (AUI) 


Di+, Di- 
Recelve Line Output (Differential Outputs) 


This pair is intended to operate into terminated 78 Q 
transmission lines. Signals at RXT meeting bandwidth 
requirements and carrier sense levels are outputted at 
Dit. Signaling at D/+ meets requirements of 
IEEE 802.3, Rev. D. 


Cl+, Ci- 
Collision Line Output (Differential Outputs) 


This pair is intended to operate into terminated 78 Q 
transmission lines. Signal Quality Error (SQE), detected 
at DO+ inputs (excessive transmissions) or RXT input 
(during a collision), outputs the 10 MHz internal oscilla- 
tor signal to the AU! interface. For proper component 
values at COLL OSC, signaling at C/+ meets require- 
ments of IEEE 802.3, Rev. D. 


DO+, DO- 
Transmit Input (Differential Inputs) 


A pair of internally biased line receivers consisting of a 
squelch detect receiver with offset and noise filtering, 
and a data receiver with zero offset for data signal proc- 
essing. Signals meeting squelch requirements are 
waveshaped and output at TXT. 


Coaxial Media Interface (TAP) 


RXT 
Media Signal Receiver Input (Input) 


RXT connects to the media through a 4:1 attenuator of 
100 kQ total resistance (25 kQ and 75 kQ in series). Re- 
turn for the attenuator is Vco.. RXT is an analog input 
with internal AC coupling for Manchester data signals 
and direct coupling for Carrier Detect and SQE average 
level detection. Signals at RXT meeting carrier squelch, 
enable data to the D/+ outputs. Data signals are AC cou- 
pled to D/+ with a 150-ns time constant, high-pass filter. 
Signals meeting SQE levels enable COLL OSC fre- 
quency to C/+ outputs. 


TXT 
Tap Node Driver (Input/Output) 


Acontrolled bandwidth current source and sense ampli- 
fier. This /O port is to be connected to the media through 
an isolation network and a low-pass filter. Signals meet- 
ing DO+ squelch and jabber timing requirements are 
output at TXT as a controlled rise and fall time current 
pulse. When operated into a double terminated 50 Q 
transmission line, signaling meets IEEE 802.3, Rev. D 
recommendations for amplitude, pulse-width distortion, 
rise and fall times and harmonic content. The sense am- 
plifier monitors TXT faults and inhibits transmission. 


Am7996 


Global Signals 


VCrer 
Timing Reference Set (input) 


VCreris acompensated voltage reference input with re- 
spect to Vee. When a resistor is connected between 
VCrer and Vee, then internal transmit and receive 
squelch timing, SQE oscillator frequency, and receive 
and SQE output drive levels are set. SQE frequency set 
is also determined by components connected between 
Vec1 and COLL OSC. 


SQE TEST 
Signal Ouality Error Test Enable (Input) 


The SQE Test function is enabled by connecting the 
SQE TEST pinto Vee and disabled by connecting to Vcc. 


Vrx., Vrx- 

Tap Node Driver Current Set (Inputs) 

Areference input for transmission level and external re- 
dundant jabber. Transmit level is set by an external re- 
sistor between Vrx.and V7rx- (foran 80 mA peak level, R 
= 9.09 Q). Vrx-may be operated between Veeand Vee + 
1 V. When the voltage at Vrx- goes more positive than 
Vee + 2 V, TXTis disabled and SQE message is output 
at the C/ pair. 


TAP SHIELD 

Low-Noise Media Cable Return (Input) 

This input is the return for Vcor reference and the re- 
ceive signal from the media. External connection is to 
positive power supply. 


Vcot 

SQE Reference Voltage (Bias Supply) 

SQE sense voltage and RXT input amplifier reference. 
An internally set analog reference for SQE level and 
data signal set at -1.600 V nominal with a source resis- 
tance of 150 © nominal. This reference should be fil- 
tered with respect to TAP SHIELD (see Applications 
section for adjusting threshold levels for other applica- 
tions). | 


COLL OSC 


SQE Timing Set (Input) 


Timing input for SQE oscillator. For a properly set input 
at VCrer, SQE oscillator period is set at 2.1RC. Fora 
10 MHz SQE oscillator frequency, R should be 1 kQ and 
C, 47 pF including interconnect and device capacitance. 


Vee 
Positive Logic Supply 


Vece2 

SQE Timing Reterence (Positive Supply Voltage) 
Timing reference return for SQE oscillator and analog 
signal ground. 

Vee 

Negative Logic Supply and IC Substrate 
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FUNCTIONAL DESCRIPTION 


The Am7996 IEEE 802.3/Ethernet/Cheapernet Trans- 
ceiver consists of four sections: 1) Transmit — receives 
signals from DTE and sends it to the coaxial medium. 
2) Receive — obtains data from media and sends it to 
DTE. 3) Collision Detect — indicates to DTE any collision 
on the media. and 4) Jabber — guards medium from 
node transmissions that are excessive in length. 


Transmit 

The Am7996 receives differential signals from the DTE 
(in the case of Am7990 Family applications, from the 
Am7992-Serial Interface Adapter-SIA). For IEEE- 
(10BASE5)/Ethernet applications, this signal is re- 
ceived through the AUI cable and isolation transformer. 
In IEEE 802.3 10BASE2— Cheapernet applications, the 
AUI cable is optional. 


Data is received through a noise rejection filter that re- 
jects signals with pulse widths less than 7 ns (negative 
going), or with levels less than 175 mV peak. Only sig- 
nals greater than —275 mV peak from the DTE are en- 
abled. This minimizes false starts due to noise and en- 
sures no valid packets are missed. 


The Am7996’s Tap Driver provides the driving capability 
to ensure adequate signal level at the end of the maxi- 
mum length network segment (500 meters) under the 
worst case number of connections (100 nodes). Re- 
quired rise and fall times of data transmitted on the net- 
work are maintained by the Am7996 Tap Driver. The 
Tap Driver’s output is connected to the media through 
external isolating diodes. To safeguard network integ- 
rity, the driver is disabled whenever power falls below 
the minimum operation voltage. 


During transmission, the Am7996 Jabber Controller 
counts the duration that the Transmit Tap Driver is ac- 
tive and disables the driver if the jabber time is ex- 


ceeded. This prevents network tie-up due to a “bab- | 


bling” transceiver. Once disabled, the driver is reset 400 
ms after the DO pair is idle and there is no fault on TXT. 
During the disable time, an SQE signal is sent on the C/ 
pair to the DTE. | 7 


When SQE TEST is tied to Vee, the Am7996 generates 

an SQE message at the end of every transmission. This 

signal is a self-test indication to the DTE that the Media 
Access Unit (MAU) collision pair is operational. 


Receive and Carrier Detect 


Signal is acquired from the tap through a high-imped- 
ance (100 k{2) resistive divider. A high input-impedance 
(low capacitance, high bandwidth, low noise) DC-cou- 
pled input amplifier in the Am7996 receives the signal. 
The received signal passes through a high-pass filter to 
minimize inter-symbol distortion, and then through a 
data slicer. The Am7996 Carrier Detect compares re- 
ceived signals to a reference. Signals meeting carrier 
squelch requirements enabie data to the differential line 
driver within five bit times from the start of packet. 


Received data is transmitted from the D/pair through an 
isolation transformer to the AUI cable (Ethernet/ 
IEEE802.3-10BASE5). In IEEE 802.3 10BASE2— 
Cheapernet, the AUI cable is optional. Following the last 
transition of the packet, the D/ pair is held HIGH for two 
bit times and then decreases to idle level within twenty 
bit times. 


Collision Detect 


The Am7996 detects collisions on Transmit if one or 
more additional stations are transmitting onthe network. 


Received signals are compared against the collision 
threshold reference. If the level is more negative than 
the reference, an enable signal is generated to the C/ 
pair. The collision threshold can be modified by external — 
components. 


The Collision Oscillator is a 10 MHz oscillator which 
drives the differential C/ pair to the DTE through an iso- 
lation transformer. 


This signal is gated to the C/pair whenever there is a col- 
lision, the SQE Test is in progress, or the Jabber Con- 
troller is activated. The oscillator is also utilized in count- 
ing time for the Jabber Timer and SQE Test. 


The C/+ output meets the drive requirements for the AUI 
interface. The output stays HIGH for two bit times at end 
of packet, decreasing to the idle level within twenty bit 
times. 


Jabber Function 


The Am7996 Jabber Timer monitors the activity on the 
DOpair and senses TXT faults. It inhibits transmission if 
the Tap Driver is active for longer than the jabber time 
(26 ms). An SQE message (10 MHz collision signal), is 
enabled on the C/ pair for the fault duration. 


After the fault is removed, the Jabber Timer counts the 
unjab time of 400 ms before it enables the driver. 


If desired, a redundant Jabber function can be imple- 
mented externally, and the output driver disabled by re- 
moving the driver supply at Vtx-. The Am7996 senses 
this condition and forces an SQE message on the C/ 
pair, during the disable time. 


‘SQE Test 


An SQE Test will occur at the end of every transmission 
if the SQE TEST pinis tied to Vee. The SQE Test signal is 
a gated 10 MHz signal to the C/pair. The SQE Test en- 
sures that the twisted pair assigned for collision notifica- 
tion to the DTE is intact and operational. The SQE Test 
starts eight bit times after the last transition of the trans- 
mitted signal and lasts for a duration of eight bit times. 


The SQE Test can be disabled by connecting the SQE 
TEST pin to Vcc. 
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APPLICATIONS 


The Am7996 is compatible with Ethernet Version 2 and 
IEEE 802.3 10BASE5 and 10BASE2 applications. (see 
Figure 1) 


AUI - Attachment Unit Interface 
DTE - Data Terminal Equipment 
MAU - Media Access Unit OTE 


Cheapernet 


Locai Bus 


ane E | q Gee 


AMD ra | 


ransceiver 
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Figure 1. Typical Ethernet Node 


Table 1. Transmit Mode Collision Detect 


Function Table 


eee of el 
Mode of "Operation [ "<2 


a ee 
[| Not Transmiting | No | May | ves _| 


Table 2. IEEE 802.3 Recommended Transmit 
Mode Collision Detect Thresholds 


ee a 
[No Detect | Must Detect 
|IOBASES, Ethemet_ | -1.402V | - 


Am79396 


Table 3. 


Receive Mode Collision Detect 
Function Table 


MA Number of Transmitters 
Mode of Operation | <2 | =2 | >2 | 


| Transmitting | No | Yes _| Yes_| 
|_NotTransmiting [| No | Yes | Yes_ 


IEEE 802.3 Recommended Receive 
Mode Collision Detect Thresholds 


[10BASE2, Cheaper] —1aoav | —1581v_ 


Table 4. 
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Figure 2 is an external component diagram showing 
how to implement the transmit mode collision detect 
levels recommended by IEEE 802.3. Figure 3 on the 
following page shows how to implement the receive 
mode collision detect levels recommended by 
IEEE 802.3. Receive mode collision detect threshold 


PE64102/PE64107 (or equivalent) 


(75 uM) 
I 


MAU Power Supply 
(Note 4) 


Notes: 


levels of the Am7996 are implemented by adding Re, 
Rioand Ca. For the values of the components shown in 
Figure 3, a nominal receive mode collision detect 
threshold of —1.5 V, fora—1.404 V to —1.581 V window, 
is achieved. a 


Coax 
Connector 


=n -| + ~ 
Co (Note 1) 
(Note 2) 
D 


07506D-005A 


1. Cris the effective load capacitance across Re; Cc is the compensation capacitance (Cc = 1/3 C1). 
. D2can be eliminated in Cheapernet (IEEE 802.3, 10OBASE2) applications. 


2 
3. Shown with SQE Test disabled. 
4 


. Discrete Power Supply or Hybrid—Hybrid DC-DC Converter Manufacturers include: 


Ethernet (IEEE 802.3, 10BASE5) 
Reliability: 2E12R9 

Valor Electronics: PM1001 
Cheapernet (IEEE 802.3, 10BASE2) 
Reliability Inc: 2VP5U9 

Valor Electronics: PM7102 


5. The capacitance of C3, Am7996 package, Ds and the printed circuit board should add up to 180 pF + 20%. 


The capacitance of C1, Am7996 package and the printed circuit board should add up to 39 pF. 
Figure 2 used for production testing of all parameters that are tested. 


Figure 2. Am7996 External Component Diagram for Transmit Mode Collision Detect 
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Power (OTE) 
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D2 
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(Note 4) 


07506D-006A 
Notes: 


1. Ct is the effective load capacitance across Re; Cc is the compensation capacitance (Cc = 1/3 CL). 
D2 can be eliminated in Cheapernet (IEEE 802.3, 10BASE2) applications. 
Shown with SQE Test disabled. 


Discrete Power Supply or Hybrid—Hybrid DC-DC Converter Manufacturers include: 
Ethernet (IEEE 802.3, 1OBASES5) 

Reliability: 2E12R9 

Valor Electronics: PM1001 

Cheapernet (IEEE 802.3, 10BASE2) 

Reliability Inc: 2VP5U9 

Valor Electronics: PM7102 


5. The capacitance of C3, Am7996 package, D3 and the printed circuit board should add up to 180 pF + 20%. 
6. The capacitance of C1, Am7996 package and the printed circuit board should add up to 39 pF. 
7. Rg, R10 and C4 are for Receive Mode Collision detection only. 


PBN 


Figure 3. Am7996 External Component Diagram With Collision Threshold Modified 
For Receive Mode Collision Detect 
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LAYOUT CONSIDERATIONS 


To protect the transceiver from the environment and to 
achieve optimum performance, the Am7996 is designed 
to be used with two sets of external components: the 
transmitter Circuit consisting of components D1, D2, D3, 
R7, R8, and C3, and the receiver circuit consisting of 
components R5, R6, Ci, and Cc, (Cx is a parasitic ca- 
pacitance rather than a discrete component). These two 
circuits are shown in both Figure 2 and in Figure 3 re- 
spectively. The resistor tolerances for these circuits are 
specified as 1% for temperature stability. 


The only layout restriction for the transmitter circuit is 
_ that the longest current path from the TXT pin (Pin 12) to 
the coaxial cable’s center conductor must be no longer 
than 4 inches. 


The layout of the receiver circuit, however, is critical. To 
minimize parasitic capacitance that can degrade the re- 
ceived signal, the external receiver circuit should be iso- 
lated from power and ground planes. There must be no 
power or ground plane under the area of the PC board 
that includes pins 15 through 20, R5, R6, and the con- 
nector for the coaxial cable. If a power or ground plane 
extends under this area, the receiver will not function 
properly due to excessive crosstalk and under- or over- 
compensation of the R5, R6 attenuator. Also, the RXT 
pin (Pin 16) should be as close to the coaxial cable con- 
nector as possible. 


Since there are no severe layout restrictions on the 
transmitter circuit, the layout can be simplified by omit- 
ting power and ground planes from the whole area on 
the right side of the Am7996 as shown in Figure 4-1. 


Fee ed 


Area with no power or ground plane 


07506D-007B 


Figure 4-1. 


If the above layout rules are followed, the parasitic ca- 
pacitance in parallel with R6 will be about 6 pF. This 
parasitic capacitance is shown in the schematics as CL 
(Note that Ci is a parasitic capacitance. Do not add a 
discrete Capacitor in parallel with R6). The capacitor la- 
beled Cc in the schematics is the total capacitance in 
parallel with R5 including parasitic capacitance. The 
parasitic component of Cc will be about 1 pF. For opti- 
mum performance, the ratio of Ci to Cc should be the 
same as the ration of R5 to R6, which is 3 to 1. This 
means that an additional 1 pF of capacitance must be 
added in parallel with R5. 


This additional capacitance can easily be added by 
building a parallel-plate capacitor for PC traces right un- 
der resistor R5. This capacitor can consist of a 0.200 
inch by 0.200 inch square of conductor on each side of 
the board as shown in Figure 4-2 (These dimensions as- 
sume that the PC board is made from 0.060 inch thick 
G-10 material). The top plate of the capacitor should be 
connected to one lead of R5, and the bottom plate 
should be connected to the other lead. Figure 4-3 shows 
an example of this suggested layout for a 4 layer printed 
Circuit board. Note that the component labeling used in 
Figure 4-3 is not intended to correspond with the compo- 
nent labeling used in Figure 2 and Figure 3. 
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Figure 4-2. 
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Am7996EVAL 
REVO 


07506D-009B 
12473-021A 
Component Side Component Side 
Silkscreen 


C11 CAP-0.01UF 

C2, C4, C7, C10 CAP-0.1UF 

C8 CAP-4.7UF 

C3 CAP-150PF 

C6 GAP CAP-0.001UF 
C1 CAP-39PF 

C5 CAP-1000PF 
D1, D2 DIODE 1N4153 
D3 DIODE MUR120 
P2 BNC 

P1 15-PIN D SHELL 
R11 RES-1M 

R4 RES-1.1K 

R1 RES-40.2 

R2 RES-40.2 

R3 RES-174 

R9 RES-499 

R10 RES-150K 

R6 RES-24.9K 

R5 RES-75K WITH TRACE CAP 
R7 RES-9.09 

R8 RES-9.09 


12473-020A 


Solder Side 


Figure 4-3. Suggested Printed Circuit Board Layout for a 4 Layer PCB Application 
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ABSOLUTE MAXIMUM RATINGS 


‘Storage Temperature -—65 to +150°C 
Ambient Temperature 

Under Bias 0 to +70°C 
Supply Voltages (Vee, Vtx-) —12.0 to +0.5V 
DC Input Voltage (D0+, DO-) — 12.010 +0.5V 
DC Input Voltage (RXT) -6 to +0.5 V 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied Exposure to absolute 
maximum ratings for extended periods may affect device reli- 
ability. 
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OPERATING RANGES 


Commercial (C) Devices 
Ambient Temperature (Ta) 0 to +70°C 
Supply Voltage (Vee) -8.1 to -9.9V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed | 


Am7996 


Parameter 
Symbol | Parameter Description Test Conditions (Note10) | Min. | Typ. | 

Vix — | Transmit Output HIGH Voltage (Note 1) | Rix = 25 Q | 9 |[-0.05 |-0.425 

Vrxt__ | Transmit Output LOW Voltage (Note 1) | Rix = 25 1.625) 


TXT Transmit Average DC Voltage with 50% 
Duty-Cycle into DO+, DO- (Note 1) Rix = 25 


Vicm DO+, DO—- Common Mode Bias 
Voltage 

Vine Differential input Squelch Threshold 
(DO+, DO—) (Note 9) 


tx. —_| Transmit Current (Note 9) Vixt = -5.5 V 


Input Current (DO+, DO-) - 
IN = 


Differential Input Resistance (DO+, DO-) | Vin = 0 to Vee | 6 


Ricm Common-Mode Input Resistance 
(DO+, DO-) - 


Receive/Collision Signals 


Vop Differential Output Voltage 
(Di+, DI-; Cl+, Cl-) 


CMT Common-Mode Output 
(Dl+, DI-; Cl+, Cl-) Ri = 78 Q 


Differential Output Voltage Imbalance 
(Di+, DI-; Cl+, Cl-)_ ||Von| — [Von] 
(Note 6) = 78Q 
Vop OFF | Differential Output Idle Voltage 
(Di+, DiI-; Cl+, Cl-) = 78 Q, Vee = Max. 
VcatT Carrier Sense Threshold IN = 5 MHz Preamble 
Vcot Collision Sense Threshold (Note 5) 


lAXT RXT Input Bias Current Vin= 1 to-2.5 V; 
Vee = Max. 
loo OFF | Differential Output Idle Current 
(Di+, DI-; Cl+, Cl-) Ri = 0 
Global 
Supply Current-Non-Transmitting | | -88 | -105 | a 
Supply Current-Transmitting | | 128 | -155 | 
CAPACITANCE®* (Ta = 25°C; Vee = 0; Pin 15, 17 — No Connections) 


Parameter ae 
Symbol | Parameter Description Test Conditions Typ. 
Crxt 


CeramicDIP_ | 1.7 | 
RXT Input Capacitance Plastic DIP/PLOG] T1411 pF 
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Notes: 
See notes following Switching Characteristics section. 
“Parameters are not “Tested.” 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 


~ 
Parameters | Description Test Conditions| Min. | Typ. | Max. | 


tPWREJ DO+ Input Pulse Width to Reject | 
(DO+ > Vine, Min.) (Note 1) 


5 
$ 
S 
o 
8 
S 
8 
s 


A 
OoVZIog 
OL1OR | 
A = A =~ 
<£\/<é 
8 vs yx 
Salsa 
5 O/f © 
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qa; ¢ 
= a 2 
si os 
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Q| 9g 

a | 
=> iz 
Oo ro} 
rE 
Oo 
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| tron | Transmit Driver Turn-On Delay (Note 1) 
tr 
t 

t 


ON 
SD 
XTR 
TXTF 
T | 
RT Jabber Reset Time (Note 1) | 
Jabber Recovery Time (Note 1) 


eceive/Collision Specification 


Receiver Turn-On Delay 
tROFF Receiver Turn-Off Delay Viap < Veat Min. | 


Receiver Static Delay 50% Point at RXT 
| at Zero Crossing | 
at Di+ Outputs 
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Collision Frequency | (Note 8) 
| tsro_| SQE Test Delay Time Foi = 10.0 MHz 
SQE Test Length Foi = 10.0 MHz 
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| tor CleHIGHTime | . 
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Notes: 


1. 


2. 


SOS 


8. 


9. 


Parameters are measured at coax tap. In production test, parameters are measured across at 25 Q load 
equivalent to the coax tap. 


For conditions shown as Min. or Max., use the appropriate value specified under Operating Range 

for the applicable device type. 

Typical values are at VEE = —9.0 V, 25°C ambient. 

Vtx- wired to VEE. 

This threshold can be modified externally (see Figure 3). 

Parameter not tested. 

Tested on a5 Mbps preamble (continuous 1010 pattern) measured between 20% and 80% points, test limits correlated to 10% 
and 90% data sheet limits shown. 

Determined by AM7966 External Component Diagrams values for R4 and C1. 

In production test, input signal applied thru transformer to DO+ inputs. 


10. Figure 2 used for production testing of all parameters. 


*Notes listed correspond to the respective references made in DC Characteristics and Switching Characteristics tables. 


Am7996 1-161 


£\ AMD 


KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 

Must be Will be 
Steady Steady 
May Will be 
Change Changing 
from H to L from H to L 
May Will be 
Change Changing 
from L toH from L to H 
Don’t Care, Changing, 
Any Change State 
Permitted Unknown 
Does Not Center 
Apply Line is High- 

Impedance 

“Off” State 

KS000010 
‘SWITCHING TEST CIRCUIT 
1/3 meric 07 (or equivalent) 
jour (afrea Q 
ord fajna 
07506D-010A 
A. AUI Transmit (Di+, DI-,; Cl+, Cl-) 
RLX =25Q 
07506D-011A 
B. Test Load (TXT) 
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Dit 
Cl+ 


Cl+ 
@3)——>— 124) 
Ke tic) > 
07506D-016B 
Di+/Cl+ Parameters 
OV 
COAX 
TAP 
VCOTMAX VCOTMIN 
350 mV VoD 
Cit : OV 
) -VoD 
—>1 21) + @ 
07506D-017A 


Collision Detect Timing 


Note: 
This signal is used for test purposes. It represents the average value of the signal that might be seen on the coax tap when 
a collision occurs. 
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Am7997 


IEEE 802.3 10BASE5/2 Coaxial Tap Transceiver 


| DISTINCTIVE CHARACTERISTICS 


m@ Compliant to ISO 8802-3 ANSI/IEEE-802.3 
10BASE5 and 10BASE2 specifications 


mM Pin-selectable SQE Test (Heartbeat) 
enable/disable 


mM Internal jabber control timer prevents 
excessive transmission time 


—H implements noise rejection on AUI DO pair to 
ensure only valid data is transmitted onto 
the network 


GENERAL DESCRIPTION 


The Am7997 supports the IEEE-802.3 10BASE5/Ether- 
net® Version 2 and 10BASE2/Cheapernet standards for 
transceiver applications. This device performs the Me- 
dium Attachment Unit (MAU) functions necessary to al- 
low the Data Terminal Equipment (DTE) to perform 
transmit, receive and collision detection functions over 
the coaxial media interface. | 


In IEEE-802.3 10BASE5/Ethernet Version 2 applica- 
tions, the Am7997 interfaces the “thick” coax media to 
the DTE remotely through the use of the Attachment 
Unit Interface (AUI) which permits the MAU to be lo- 
cated up to 50m away fromthe DTE. To satisfy the MAU 
electrical isolation requirement, IEEE-802.3 Section 
8.3.2.1 specification, the interface between the Am7997 
and the AUI is transformer isolated at the MAU. Addi- 
tional isolation may be implemented by placing a trans- 
former between the DTE and the AUI. 


In IEEE-802.3 10BASE2/Cheapernet applications, the 
Am/7997 typically resides within the DTE with its signals 
transformer isolated and the connection to the “thin” co- 
axial media can be made directly at the DTE. 


ar 


Advanced 
Micro 
Devices 


Implements receive mode collision detection 


m@ Transmitter average AC output level and 
collision threshold voltage derived from same | 
reference for close thermal tracking 


m@ External component configuration for high 
reliability network operation — 


In IEEE-802.3 10BASE5 and 10BASE2 applications, 
the Am7997 power and ground are isolated from that of 
the DTE. 


The Am7997 provides controlled transition time skew 
and current drive for data signaling on the coaxial media 
and a Jabber Controller that prevents the node from 
transmitting excessively. Collisions on the media are 
detected if two or more stations are transmitting. 


The Am7997 features an optional SQE Test function 
that provides a signal on the Cl pair at the end of every 
transmission. The SQE Test indicates the operational 
status of the Cl pair to the DTE. It can also serve as an 
acknowledgment to the node that packet transmission 
onto the coax was completed. | 


The external component configuration improves net- 
work reliability by safe-guarding the Am7997 from high 
voltage transients on the coax media. 


Publication# 12473 


Rev. B 


Amendment/0 


Issue Date: January 1992 
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CONNECTION DIAGRAM 
Top View 


12473-003A 


RELATED PRODUCTS | | 


Am7992B Serial Interface Adapter (SIA) 
Am79C900 32-bit Integrated Local Area Communications Controller (ILACC) 
Am79C940 Media Access Controller for Ethernet (MACE) | 


Am7990 Local Area Network Controller For Ethernet (LANCE) 
( 


Am79C98 Twisted Pair Ethernet Transceiver 
_Am79C980 Integrated Multiport Repeater | 
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ORDERING INFORMATION 
Standard Products 


AMD products are available in several packages and operating ranges. The order number (Valid Combination) is formed by a 


combination of: 
J Cc 
| OPTIONAL PROCESSING 
Blank = Standard processing 
TR = Tape and Reel packing 

TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 
PACKAGE TYPE 

: : J = 28-Pin Plastic Leaded Chip 

Carrier (PL 028) _ 

SPEED OPTION 


Not Applicable 


AM7997 


DEVICE NUMBER/DESCRIPTION 
Am7997 
lIEEE-802.3 10BASE5/2 Coaxial Tap Transceiver 


Valid Combinations Valid Combinations 
Valid Combinations list configurations planned to 
EIT Se be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly re- 


leased combinations, and to obtain additional 
data on AMD’s standard military grade products. 
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PIN DESCRIPTION 
Attachment Unit Interface (AUI) 


Di+, DI- 
Data In (Differential Outputs) 


These outputs drive transformer-coupled, terminated 
78-ohm transmission lines. Received data from the 
coax tap which meets signal level and pulse width re- 
quirements is forwarded to the DTE over Di+. Signaling 
at Di+ meets the requirements of IEEE-802.3. 


Cl+, CL 
Collision In (Differential Outputs) 


These outputs drive transformer-coupled, terminated 
78-ohm transmission lines. The 10 MHz signal from the 
collision oscillator appears at Cl+ when there is a colli- 
sion, abnormally long transmission (jabber), or during 
the Signal Quality Error test at the end of a transmission. 
Signaling at Cl+ meets the requirements of IEEE-802.3. 


DO+, DO- 
Data Out (Differential Inputs) 
Data to be transmitted to the network is applied at these 


inputs. Data signals meeting squelch requirements are 
wave shaped and output at TXT. 


Coaxial Media (Tap) Interface 


RXT 

Tap Receiver (input) 

The tap drives this input through a 4:1 attenuator com- 
posed of a25 kQ and a 75 kQ resistor. Tap signals meet- 


ing receiver signal qualification requirements are fil- 
tered, amplified, and presented at the Dl+ outputs. 


TXT 

Tap Transmitter (Output) 

This is a current output driver with controlled, matched 
rise and fall times. Signals at DOz meeting squelch re- 
quirements are wave shaped and presented at TXT. 
This output drives the media through an isolation net- 
work and a low-pass filter. 

Tap Shield 

Tap Ground Return 

This input is the ground return for the tap interface and 


the collision reference. It makes a single-point connec- 
tion to the positive power supply. 


Circuit Bias and Control 
LVLR 
Tap Transmitter Output Current Set (Input) 


Connecting a 1.96 kQ resistor between LVLR and Tap 
Shield sets the tap transmitter for the IEEE-802.3 speci- 
fied output levels. 


PRELIMINARY 


SQE TEST | 

Signal Quality Error Test Enable (Input) 

The SQE test function is enabled by connecting this in- 
put to Vee and disabled by connecting this input to GND. 


VCOL | 
Collision Threshold Reference (Output) 


This is the collision sense reference. It is designed to 
provide a collision threshold level for 802.3 10BASE5 
and 10BASE2. 


SLR 


TXT Waveform Edge Slew Rate Timing Resistor 
(Input) 


An external 2.74K ohm resistor connected to this pin 
gives TXT waveform 10%-—90% transition times be- 
tween 20 ns and 30 ns. 


DELR 


Receiver/Transmitter/Collision Oscillator Timing/ 
Delay Resistor (Input) : 


An external 237 ohm resistor connected to this pin sets 
RXT and DO+ input pulse width qualification, and Cl+ 
and Dl+ output start-of-idle timing. The internal oscilla- 
tor frequency is also controlled by this input. 


Power Supply Pins 


GND, 
Digital Positive Supply 


GND2 
Analog Positive Supply 


GND; 
Transmit Output Positive Supply 


VeEE2 
Negative Supply 


NC 
No Connect 
No connection of any kind is required at pins labled NC. 


TXVee 
Transmitter Output Negative Supply 


Driving this pin between Vee + 2.4 V and Vee + 4.0 V dis- 
ables TXT and causes the 10 MHz internal oscillator sig- 
nal to appear at Cl+. 


Vee2 
Negative Supply — 
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FUNCTIONAL DESCRIPTION 


The Am7997 IEEE-802.3/Ethernet/Cheapernet Trans- 
ceiver consists of four sections: 1) Transmit — receives 
signals from DTE and sends it to the coaxial medium, 2) 
Receive — obtains data from media and sends it to DTE, 
3) Collision Detect — indicates to DTE any collision on 
the media, and 4) Jabber — guards medium from DTE 
transmissions that are excessive in length. 


Transmit 


The Am7997 receives differential signals from the DTE 
(in the case of Am7990 Family applications, from the 
Am7992B-Serial Interface Adapter-SIA or from the 
Am79C900-ILACC). For IEEE-802.3 10BASE5/Ether- 
net applications, this signal is received through the AUI 
cable and isolation transformer. In IEEE-802.3 
10BASE2/Cheapernet applications, the AUI cable is op- 
tional. 


Differential data is received through a squelch network 
that rejects signals with pulse widths less than 7 ns, or 
with levels more positive than —175 mv peak. Only sig- 
nals with pulse widths wider than 20 ns and levels more 
negative than -275 mv peak from the DTE are guaran- 
teed to be enabled. This minimizes false starts due to 
noise and ensures no valid packets are missed. 


The Am7997’s Tap Driver provides the driving capability 
to ensure adequate signal level at the end of the maxi- 
mum length network segment (500m 10BASE5, 185m 
10BASE2) under the worst-case number of connections 
(100 nodes 10BASE5, 30 nodes 10BASE2). The re- 
quired rise and fall times of data transmitted on the net- 
work are maintained by the Am7997 Tap Driver. The 
Tap Driver’s output is connected to the medium through 
external isolating diodes. To safeguard network integ- 
rity, the driver is disabled whenever power falls below 
the minimum operation voltage. 


During transmission, the Am7997 Jabber Controller 
monitors the duration that the Transmit Tap Driver is ac- 
tive and disables the driver if the jabber time is ex- 
ceeded. This prevents network tie-up due to a “bab- 
bling” transmitter. Once disabled, the driver remains 
disabled for an additional 250-750 ms after the DO pair 
is idle and there is no carrier sensed from the tap on the 
TXT pin. During the disable time, the 10 MHz internal os- 
cillator signal is sent on the Cl+ pair to the DTE. 


When SQE TEST is tied to Vee, the Am7997 generates a 
SQE message at the end of every transmission. This 
signal is a self-test indication to the DTE that the Me- 
dium Attachment Unit (MAU) collision pair is opera- 
tional. 


Receive and Carrier Detect 


Received signals are acquired from the tap through a 
high-impedance (100 kQ) resistive divider. A high input- 
impedance (low capacitance, high bandwidth, low 
noise) DC-coupled input amplifier in the Am7997 re- 
ceives the signal. The received signal passes through a 
high-pass filter to minimize inter-symbol distortion, and 
then through a data slicer. The Am7997 Carrier Detect 


compares received signals to a reference. Signals 
meeting carrier squelch criteria are passed to the differ- 
ential line driver within five bit times from the start of 
packet. | 


Received data is transmitted from the DI pair through an 
isolation transformer to the AUI cabie in !EEE 
10BASE5/Ethernet applications. In lIEEE-802.3 
10BASE2/Cheapernet implementations the AUI cable 


_is optional. Following the last transition in a packet, the 


Di+ pair is held HIGH for two bit times and then de- 
creases to the idle level within eighty bit times. 


Collision Detect 


The Am7997 detects collisions if two or more stations 
are transmitting on the network. 


The average DC level of received signals is compared 
against the collision threshold reference. If the level is 
more negative than the reference an enable signal is 
generated to the Cl+ pair. 


The Collision Oscillator is a 10 MHz oscillator which 
drives the differential Cl+ pair to the DTE through an iso- 
lation transformer. This signal is gated to the Cli+ pair 
whenever there is a collision, an SQE Test is in pro- 
gress, or the Jabber Controller is activated. The oscilla- 
tor is also utilized internally to clock the Jabber and SQE 
Test timers. 


The Cl+ output meets the drive requirements for the AUI 
interface. The output stays HIGH for two bit times at the 
end of the packet, decreasing to the idle level within 
eighty bit times. 


Jabber Function 


The Am7997 Jabber Timer monitors the activity on the 
DO pair and senses TXT faults. It inhibits transmission if 
the Tap Driver is active for longer than the jabber time 
(20-150 ms). A 10 MHz internal oscillator signal is en- 
abled on the Cl+ pair for the fault duration after the jab- 
ber time is exceeded. 


After the fault is removed, the Jabber Timer counts the 
unjab time of 250-750 ms before it enables the driver. 


If desired, a redundant Jabber function can be imple- 
mented externally, and the output driver disabled by re- 
moving the driver supply at TXVee. The Am7997 senses 
this condition and forces a 10 MHzinternal oscillator sig- 
nal on the Cl pair during the disable time. 


SQE Test 


A SQE Test will occur at the end of every transmission if 
the SQE TEST pin is tied to Vee. A SQE Test signal is a 
10 MHz signal gated to the Cl pair. The SQE Test en- 
sures that the twisted pair assigned for collision notifica- 
tion to the DTE is intact and operational. The SQE Test 
starts eight bit times after the last transition of the trans- 
mitted signal and lasts for a duration of eight bit times. 


The SQE Test can be disabled by connecting the SQE 
TEST pin to GND. 


Am7997 
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ransceiver 


ETHERNET _ 802.3 1OBASES 


; : % Bo ae eee ee eee ee ee | 
AUI — Attachment Unit Interface : 7 tl De 
DTE — Data Terminal Equipment 
MAU — Medium Attachment Unit 
DTE ETHERNET 


COAX 
CHEAPERNET 802.3 10BASE2 


Am7990 


LANCE aa 


BNC “T” 


Local Bus 


12473-004B 


Figure 1. 
Typical Ethernet Node and Cheapernet (IEEE-802.3 10BASE5 and 10BASE2) 
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Note 4 12473-006D 


Figure 2. 


Am7997 PLCC Package External Component Diagram for an IEEE-802.3 10BASE5/2 Application 
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Notes: 
1. Ct is the effective load capacitance across Ra: Cc is the compensation capacitance (Cc = 1/3 CL). 
D2 can be eliminated in Cheapernet (IEEE-802.3, 10BASE2) applications. 


2. 
3. Shown with SQE Test enabled. 
4. Discrete Power Supply or Hybrid - Hybrid DC—DC Converter Manufacturers include: 


Ethernet (IEEE-802.3, 10BASE5): Cheapernet (IEEE-802.3, 1OBASE2): 
Reliability Inc: 2E12R9 Reliability Inc: 2VP5U9 
Valor Electronics: PM1001 Valor Electronics: PM7102 


Minimizes excess stray capacitance in PC layouts with noisy power supplies. 
All capacitors have 20% tolerance except C12 which has 10% or better. All resistors are 1% tolerance. 
7. \solation transformer module manufacturers include: 


Valor Electronics: LT6031 
Pulse Engineering: PE64101 


8. For Heat Sink Design using the Am7997 in Repeater Applications. From the Am7997 characterization data, we have the 
following: | 
QJA (Non-heat sinked) = 52°C/W 
Quc = 11°C/W 
Worst case Junction Temperature occurs under the following condition: 
lEE =-190 mA Ta = 70°C 
VEE = —9.9 Voc 
This implies: (Power Dissipation) Pp = lee * Voc 
= (-190 mA) * (—9.9 Vpc) 
= 1881 mW 
Now (Junction Temperature) Ty = [(@JA) * (PD)] + TA 
Therefore Ty = [(52°C/W) * (1.881 W)] * 70°C 
= 169°C 
At this point, the goal is to reduce the Tyto less than 150°C. To do this, a heat dissipation plane is recommended. The effect of this 
plane is to reduce the value of 6a which is defined to be (@Jc + OHS), where uc is the Thermal Resistance from the Junction to the 
Case and 6Hs defined as Thermal Resistance from Case to Ambient (@CA or @Hs). 
Substituting, we have the following equation: 


Ty = [(OUA) * (Pb)] + Ta < 150°C 


— OF 


[(Quc) + @Hs) * Po] + Ta < 150°C 


150-—TA 
6c + OHS < 
Pp 
150 —T. 
OHS < — — OIC 
Pp 


Thus under worst case Junction Temperature conditions and substituting the values above, we have: 


Brie 150 — 70 
2 Se ws 
ae 1.881 


OHS < 31.5°C/W 
Therefore, the heat dissipation plane is recommended to have a 8HS max (or @ca) rating of 31.5°C/W to ensure Ty < 150°C. in 


conclusion, 8Hs determines the size of the heat sink to be selected. As 8Hs decreases, the size of the heat sink increases. Hence, 
the above value determines the minimum size of the heat sink to be selected. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature —65 to +150°C Commercial (C) Devices 

Ambient Temperature Under Ambient Temperature (Ta) 0° to 70°C 
Bias, Package | 0 to 70°C Supply Voltage (VEE) -8.1V to-9.9V 
Lead Temperature, Soldering | 

For 10 Seconds +300°C Operating ranges define those limits between which the func- 
Supply Voltage ~12.0to +0.5V tionality of the device is guaranteed. 

DC Input Voltage (RXT) —6.0 to +0.5V 


DC Input Voltage (All other inputs) -12.0 to +0.5V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


DC CHARACTERISTICS over COMMERCIAL operating range unless otherwise specified 


Parameter Description Test Conditions | Min. | Max. | 


Transmit Signals 


Parameter 
Symbol 


VTH DO+ differential input switching —160 +160 mv" 


threshold 


Vsa DO+ differential input squelch —275 —175 
threshold 
VICM DO+ open circuit input VE 
common mode bias voltage +0 
—4 


. 
TXT output LOW current Ri = 25.0 © (Note 2 | -90 | -65 | 
| -s_| -37 


+ 
iN 
© 


ITXTL 


ITXTH 


VE 
| ) 6 

TXT output HIGH current Ri = 25.0 Q (Note 2) ae. | 00. 
-3 


E 
( 
TXT output average DC current Rt = 25.0 Q (Notes 1, 2) 5 ee. 
Input current Vee<Vin< OV —2.0 
(DO+ or DO-) All Vee =-9.9 V 
IT10 TXT output current (Note 4) —250 +250 yA* 
| for VTAP = -10 V (While transmitting) | 


IKOFF_|TxTidlestate leakage current || 28 | 0 | 


DO+ differential input resistance VDO+ = -6.95 V kQ 
VDO- =-7.05 V 


Receive/Collision Signals | 
Vop Di+ & Cl+ Load Ri = 78.Q +1315 | 
differential output voltage L = 50 pH 
Vop! Di+ & Cl+ Load Rit = 78 Q | —25 | +25 mV 
differential output imbalance voltage L=50 WH 
VopOFF | Dl+ & Cl+ Load Rt = 78 Q —40 +40 mv* 
differential idle output voltage L = 50 WH 


m 
m 
m 


ITXTA 


+ 
ae) 
ol 


mV 
V 
A* 
A* 
A* 

mA 
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DC CHARACTERISTICS (Continued) 


Parameter | | 
Symbol | Parameter Description Test Conditions | 
M Di+ & Cl+ common Ri=2x390 —2.5 —1.3 V 
mode output voltage | series resistors 
Di+ & Cl+ Ri = 78 Q 
undershoot at start-of-idle L = 50 pH 


| Vcar__| RXTcarriersense | Notes 4, 5 
Collision threshold voltage Note 15 -1582 | -1448 


Voc 
Vus 
VIH SQE TEST input 
HIGH voltage 
Vit SQE TEST input VEE Vee+0.5 V 
LOW voltage 3 
RXT input bias current Vaxt = —1 to-2.5 V - | 405 | 


lopOFF Di+ & Cle 
differential idle output current 
threshold 


lEE Supply current — Non-Transmitting | total current —121 mA 
@ all Vee pins @ 70°C 
Supply current — Transmitting Rix = 250 —211 mA 
with all VEE @ -9.9 V 


CAPACITANCE 
UNTESTED; TYPICAL values at Ta = 25°C, Vee = 0, All NC pins unconnected 


Parameter 
Symbol {| Parameter Description Test Conditions | Typ 


RXT input capacitance 


b 
© 
eo) 
2 
<= 


| 
© 
+ 
a 
on 
5 
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lEE (mA) 


lEE (mA) 


PRELIMINARY 
VEE = -9.9 V 


b Transmission 


-10 10 30 50 70 90 110 


Ambient Temperature (C) 


Typical lee vs. Temperature at % of Transmission 


VEE = -8.1 V 


a Transmission 


25Po 


mai 


100% Transmission 


-10 10 30 50 70 90 110 


Ambient Temperature (C) 


Typical lee vs. Temperature at % of Transmission 


Am7997 


130 


12473-018B 


130 


12473-022A 


1-179 


£1 amo PRELIMINARY 


AC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise 
specified 


Transmit _ 


Parameter | | _Commercial__ 
Symbol | Parameter Description Test Conditions | Min. 


Transmit reject pulse pulse width (DO+) (Note 6) 
) 
) 


tPWTON Transmit turn-on pulse width (DO+) DO+ = 600 mVp-p 
| (Note 6) 


teworr | Transmit turn-off pulse width (DO+ DO+ = 600 mVp-p 130 | 200 
(Note 6) 
tTON Transmit start up delay (DO+ to TXT DO+ = 600 mVp-p 200 
| (Notes 6, 7, 13) 
tTsb Transmit static propagation DO+ = 600 mVp-p 
delay (DO+ to TXT) (Notes 6, 7, 14) 
tTR Transmitter rise time (Notes 6, 7, 14) 20 30 
(10% to 90% at TXT) | | | 
t Transmitter fall time (Notes 6, 7, 14) . 20 30 
(90% to 10% at TXT) 


t Transmitter rise and fall (Notes 6, 7, 14) —2.0 +2.0 
time mismatch (TXT; trr — ttF) | 
t Transmitter skew (Notes 6, 7, 14) —2.0 +2.0 
(TXT waveform symmetry) 


Transmit jabber reset time (Note 18) 250 


TF 
™ 
TS 


Transmit jabber recovery time (minimum 1.0 
time gap between transmitted packets 
to prevent jabber activation) 


pene 


4th and 5th harmonics of TXT Output __—_| (Note 17) _ ~30 
6th and 7th harmonics of TXT Output (Note 17) 
All higher harmonics of TXT Output (Note 17) | -50 
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AC CHARACTERISTICS (Continued) 


Receive/Collision 


Parameter 
Symbol | Parameter Description Test Conditions 


| tron | Receiver start up delay (coax tap to DI +) | (Notes 6, 9, 16) 
First validly timed bit on DI + Notes 6, 9, 14, 16 


tRsp Receiver static propagation delay (Notes 6, 9, 15, 16) 
(coax tap to DI +) 


’ ’ ,] ) 
Receiver turnoff delay (coax tap to DI +) | (Notes 6, 10) 

, 8) 

) 


( 
DI + and Cl + rise time (20% to 80% of (Note 6) 
full differential swing) | 
tRF DI + and Cl + fall time (80% to 20% of full | (Note 6) 
differential swing) 


= 
a 
Eom 
oe 
a 
ra 
ro 
mone 


tSETL DI + and Cl + settling time to idle state (Note 6) 
(+ 40 mV) 
DI + & Cl + rise and fall time mismatch (Note 6) 
(tRR — tar) 


Cox | Coison wmonaeiay GQ 
| tcorr | Collision turn-off delay(Clay) | Cd 
Cen | Colson pera Ca) | Were) 
Psoes | sae estdelytime 
[sort SOEtestingth Si 


Notes: 


* Indicates 802.3 10BASE5/2 specification requirement. 

1. Measured at 50% point of output waveform. 

2. Measured at both 5 MHz and 10 MHz TXT output frequencies. 

4. Measured at the coax tap using Tap Application Circuit (Figure 2). 
5. Measured with transmitter idle. 

6. Measured using Tap Application Circuit (Figure 2). 

7 


Measured using Tap Application Circuit and a forcing source at DO+ with 1200 mV peak-to-peak amplitude, less than 
0.1 ns of skew or jitter, and maximum 10%—90% edge transition times of 7.0 ns. 


8. Forcing source at tap has a 600 mV peak-to-peak swing centered at —1.0 V, between 7.0 ns and 8.0 ns of edge jitter, and 
30.0 ns +0, —2 ns 10%—-90% edge transition times. 


9. Measured from the 50% point of the forcing source waveform at the tap to the differential zero crossing at Dl+. 
10. Receiver turnoff point is at 70% of VOD on last high-to-low transition of Dl+. 

11. Period and pulse width will fall in these ranges using a 1% resistor shown in Tap Application Circuit (Figure 2). 
12. Forcing source frequency is 10 MHz. 

13. Forcing source frequency is 5 MHz. 

14, Measured with forcing source frequencies of both 5 MHz and 10 MHz. 


15. VcoT is the average DC level of a 5 MHz 400 mVp-p pulse train applied at the coax tap that causes Cl to go active. 


16. Forcing source at tap has a 1.625 Vp-p swing centered at —1.0 V, no more than +0.1 ns of edge jitter and 25.0 ns + 2.0 ns 
10% — 90% edge transition times. 


17. To be met while transmitting 10 MHz signals. Correlated to trrR and trF; not tested. 
18. Reset time starts only after both DO+ and the coax tap become inactive (idle). 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM _ INPUTS OUTPUTS 


Must Be Will Be 
Steady Steady 


May Will Be 
Change . Changing 
From H to L From H to L 


May Will Be 
Change From Changing 
L to H From L to H 


Don’t Care, Changing, 
Any Change State 
Permitted Unknown 


Does Not Center 
Apply Line Is High 
Impedance 
“off” State 
KS000100 
SWITCHING WAVEFORMS 
350 mV 
DO+ 50% ; = 
Min VSQ 1 , 
\ tpworF ! 
tPWION—*™ op i | 
| 
e— tTON ——™ — — tTSD 
10% I 
TXT OY 50% 
tT>§ —»! ne— |! 
1) —pt le— tTR 
12473-007A 
Transmitter Timing 
50% : | 
DO+ 
Dostana Ee eee 
t tA at 1 tuR ' 
TXT l | 50% 
| 
; 
50% 
12473-008A 


Transmitter Jabber Timing 


1-182 Am7997 


PRELIMINARY AMD é\ 
SWITCHING WAVEFORMS 


l 
l 
| 
‘<——— RON" > tRsp | 
can | 
Di+ 20]! Npon 50% | — ; 740mV 
t <x | l | 
sl ag eee <—_——!SETL——______» 


12473-009A 
Receiver Timing 


COAX 
Tap VCOT (MIN) 


-2.0V : 
ge 
t CON ) 


= [LAL = 


t eae et oo PER 


oo CORR 
I 
| 


12473-010A 
Collision Timing 


| 
| 
| 
<—t SQED >t SQEL ac 


12473-011A 


SQE Test Timing (SQE Test pin connected to Vee) 
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SWITCHING TEST CIRCUITS 


12473-012A 


A. AUI Transmit Load (Di +, DiI-; Ci+, Ci-) 


12473-013A 


B. Test Load (TXT) 
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LAYOUT CONSIDERATIONS 


To protect the transceiver from the environment and to 
achieve optimum performance, the Am7997 is designed 
to be used with two sets of external components: the 
transmitter circuit consisting of components D1, D2, D3, 
R5, R9, R10, C6, C7, and C12, and the receiver circuit 
consisting of components R1, R2, R3, C2, CL, and Cc 
(CL is a parasitic capacitance rather than a discrete 
component). These combined circuits are shown in Fig- 
ure 2. The resistor tolerances for these circuits are 
specified as 1%. 


The primary layout restriction for the transmitter circuit is 
that the longest current path from the TXT pin (PLCC pin 
17) to the coaxial cable’s center conductor must be as 
short as possible. Also, the transmitter circuitry should 
be physically isolated from power and ground planes, 
i.e. NO power or ground planes under the transmitter cir- 
cuit components. 


The layout of the receiver circuit is even more critical. To 
minimize parasitic capacitance that can degrade the re- 
ceived signal, the external receiver circuit should also 
be physically isolated from power and ground planes. 
There must be no power or ground plane under the area 
_of the P.C. board that includes PLCC pins 22 through 1, 
R2, R38, and the connector for the coaxial cable. If a 
power or ground plane extends under this area, the re- 
ceiver will not function properly due to excessive 
crosstalk and under- or over-compensation of the 
R2—R3 attenuator. Also, the RXT pin should be as close 
as possible to the coaxial cable connector. 


The layout of the receiver and transmitter circuits can be 
simplified by omitting power and ground planes from the 
whole area on the right side of the Am7997 as shown in 
Figure 3-1. Also, the TAP SHIELD pin (PLCC pin 28) 
should be connected directly to the shield of the coax 
connector without any other P.C. board ground trace 
hanging off of it. 


If the above layout rules are followed, the parasitic ca- 
pacitance in parallel with R2 will be about 6 pF. This 
parasitic capacitance is shown in the schematics as Ct 
(Note that Ci is a parasitic capacitance. Do not add a 
discrete capacitor in parallel with R2). The capacitor la- 
beled Cc in the schematics is the total capacitance in 
parallel with R3 including parasitic capacitance. The 
parasitic component of Cc will be about 1 pF. For opti- 
mum performance, the ratio of Ci to Cc should be the 
same as the ratio of R3 to R2, which is 3:1. This means 
that an additional 1 pF of capacitance must be added in 
parallel with R3. 
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28 RXT 
Am7997- 


nx} | RS! RO, Rt | 
bs 5, RY, R10 Coax 
| c6,c7,c12 Connector 
Area with no power or ground plane 
12473-014C 
Figure 3-1 


This extra capacitance can easily be added by building a 
capacitor out of P.C. board traces connected to R3. 
Since the amount of extra parasitic capacitance re- 
quired is affected by board layout, components, and 
P.C. board material, it is recommended that during 
prototyping a ‘trimmable’ capacitor be used. One exam- 
ple of this is a0.200 x 0.200 inch parallel plate capacitor 
on two layers of the P.C. board as shown in Figure 3-2. 
Note that one of the parallel plates is segmented so that 
sections of the plate may be trimmed off until the correct 
amount of capacitance remains. The resulting capacitor 
configuration may then be reproduced on the production 
P.C. boards. 


@hee dA hb oe J hh o& 


d 
: Circuit Side 


0.200 in x 0.200 in 


Component Side 
12473B-023A 


Figure 3-2 
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12473-021A 
Component Side 


12473-019A 
Component Side Silkscreen C1 | 001pF GAPKAP 
| C2 0.1,1F 
C3 1000pF 3KV 
C4 0.1F 
C5 4.7F 
C6 TF 
C7 1000pF 
C9 4.7uF 
C10 0.1p1F 
C11 NOT USED 
e C12 180pF 
C13 0.01LLF 50V 
e D1 1N4153 
© D2 | 1N4153 
D3 MUR120 
P1 15-Pin D Connector Male 
P2 BNC Connector 
R1 1.96KQ 1% 
R2 24.9KQ 1% 
R3 75.0KQ 1% 
R4 1MQ. 5% 0.5W 
RS5 2.74KQ. 1% 
R6 2370 1% 
R7 40.20, 1% 
R8 | 40.2Q 1% 
R9 9.092 1% 
R10 27.4KQ 1% 
erie con T1 LT6031 Pulse Transformer 
Solder Side a aU se, 
U2 | PM7005 DC-DC Converter 
W1 3-Pin Jumper Block 


(All Resistors are 1% except where noted) 


Figure 4. Suggested Printed Circuit Board Layout for a Double-Sided PCB Application 
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Am79C98 


Twisted Pair Ethernet Transceiver (TPEX) 


DISTINCTIVE CHARACTERISTICS 


m™ CMOS device provides compliant operation 
and low operating current from single +5 V 


supply 


m Power Down mode provides reduced power 
consumption for battery powered applications. 
Reset capability allows use in remote MAU 
applications. 


Mm Pin-selectable Twisted Pair receive polarity 
detection and automatic inversion of the 
receive signal. Polarity indication output pin 
can directly drive a LED. 


M@ Pin-selectable Twisted Pair Link Integrity Test 
capability conforming to the IEEE 802.3 
standard for 10BASE-T. Link status pin can 
directly drive a LED. 


GENERAL DESCRIPTION 


The Am79C98 Twisted Pair Ethernet Transceiver 
(TPEX) is an integrated circuit that implements the Me- 
dium Attachment Unit (MAU) functions for the Twisted 
Pair Medium, as specified by the IEEE 802.3 standard 
(Type 10BASE-T). This device provides the necessary 
electrical and functional interface between the IEEE 
802.3 standard Attachment Unit Interface (AUI) and the 
Twisted Pair cable. 


A network based on the 10BASE-T standard can use 
unshielded twisted pair cables, therefore providing an 
economical solution to networking by allowing the use of 
existing telephone wiring. The Am79C98 provides a 
minimal component count and cost effective solution to 
the design and implementation of 10BASE-T standard 
networks. 


Publication # 14395 Rev. © Amendment/O 
Issue Date: January 1992 


Advanced 
Micro 
Devices 


M@ Internal Twisted Pair transmitter digital 
pre-distortion circuit reduces medium induced 
jitter and ensures compliance with the 
10BASE-T transmit and receive waveform 
requirements 


™@ Pin-selectable SQE Test (Heartbeat) enable 


m@ Transmit and Receive status indication are 
availabie on separate, dedicated pins 


@ AUI loop-back, Jabber Control, and SQE Test 
functions comply with the 10BASE-T Standard 
(Draft 10) 


TPEX provides Twisted Pair driver and receiver circuits, 
including on-board transmit digital pre-distortion, re- 
ceiver squelch, and an AUI port with pin selectable SQE 
Test enable. The device also provides a number of addi- 
tional features including pin selectable Twisted Pair Re- 
ceive Polarity Detection and Automatic Polarity Rever- 
sal, Link Status indication, Link Test disable function, 
and transmit and receive status. The Twisted Pair Polar- 
ity and Link status pins can be used to drive LEDs 
directly. 


The Am79C98 is fabricated in CMOS technology and 
requires a single +5V supply. The device is available in 
24 pin SKINNYDIP® Plastic Dual-in-Line and 28 pin 
Plastic Leaded Chip Carrier (PLCC). : 
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PRELIMINARY AMD & 
RELATED AMD PRODUCTS 


[ran no. | Descrpton 


Am7996 IEEE-802.3/Ethernet/Cheapernet Transceiver 


Am79C940 Media Access Controller for Ethernet (MACE) 


CONNECTION DIAGRAM 


Top View 
DIP PLCC _ 
dad 
Ch L | ie 24f_| TXD+ Sab6 KER 
Cl 931} TXD- ear ee 
aa 2 DVcc L]5 . || TXP 
SS + 
a tpt TXP- DVss Le pv 
DD 
Dvss L_ 20|_] DVop xm [7 1] DVpp 
XMT TEST 
ai 19} : LNKST L]s | TEST 
LNKST SOE TEST 
i AVss LI]9 SQE TEST 
AVss L_] 171_] AVoo AVsg [10 0 LT avpp 
DO+ | _ 16}_} RXD+ DO+ |} 41 i AVpDD 
Do- [_Jio 15|_] RXD- | 314 1 
en TTLILICI = 
PRON/ARST [_]14 141_] RXPOL Shes Bad 
REXT [12 13[_] RCV Cee eS ER 
any xc 
14395-002A ao 
Note: QO. 
‘Pin 1 is marked for orientation 14395-003A 
LOGIC SYMBOL 
Attachment Twisted Pair 
Unit Interface Interface 
(AU!) 


14395-004A 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number (Valid 
Combination) is formed by a combination of: 


AM79C98 


| ee OPTIONAL PROCESSING 


Blank = Standard Processing 


TECHNOLOGY 
C = CMOS Electrically Erasable 


PACKAGE TYPE 

P = 24-Pin Plastic DIP (PD 3024) 

J 28-Pin Plastic Leaded Chip 
Carrier (PL 028) 


SPEED OPTION 
Not Applicable 


DEVICE NUMBER/DESCRIPTION 
Am79C98 
Twisted Pair Ethernet Transceiver (TPEX) 


Valid Combinations 


The Valid Combinations table lists configura- 
tions planned to be supported in volume for 
this device. Consult the local AMD sales of- — 
fice to confirm availability of specific valid 
combinations, to check on newly released 
combinations, and to obtain additional data 
on AMD’s standard military grade products. 


| AM79C98 PC, JC 


1-190 r Am79C98 


PRELIMINARY 


PIN DESCRIPTION 


AVDD 
Analog Power 


This pin supplies the +5 V to analog portions of TPEX 
Circuitry. 


AVSS 
Analog Ground 


This pin is the ground reference for analog portions of 
TPEX circuitry. 


Cl+,Cil- 
Control In 
Output 


AUI port differential driver. 


Di+,DI- / 
Data In 
Output 


AUI port differential driver. 


DO+,DO- 
Data Out 
Input 


AUI port differential receiver. 


DVDD | 
Digital Power 


This pin supplies the +5 V to digital portions of TPEX 
circuitry. 


DVSS 
Digital Ground 


This pin is the ground reference for digital portions of 
TPEX circuitry. 


LNKST v 

Link Status 

Open Drain, Input-Output 

When this pin is tied LOW, the internal Link Test Re- 
ceive function is disabled and the Transmit and Receive 
functions will remain active irrespective of arriving idle 
Link Test pulses and data. TPEX continues to generate 
idle Link Test pulses irrespective of the status of this pin. 


As an output, this pin is driven LOW if the link is identi- 
fied as functional. However, if the link is determined to 
be nonfunctional, due to missing idle Link Test pulses or 
data packets, then this pin is not driven. In the LOW out- 
put state, the pin is capable of sinking a maximum of 
16mA and can be used to drive an LED. 


This pin is internally pulled HIGH when inactive. 
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PRDN/RST 


Power Down/Reset 
Input, Active LOW 


Driving this input LOW resets the internal logic of TPEX 
and places the device in a special Power Down mode. In 
the Power Down/Reset mode, all output drivers are 
placed in their inactive state. 


RCV 

Receive 

Output 

This pin is driven HIGH while TPEX is receiving data on 
the RXD pins and is transferring the received signal onto 
the AUI DI pair. The RCV and XMT pins are simultane- 
ously driven HIGH during Collision. 


REXT 

External Resistor 

Input 

An external precision resistor is connected between this 
pin and AVpp, in order to provide a voltage reference for 
the internal Voltage Controlled Oscillator (VCO). 


RXD+,RXD—- ss / 

Receive Data 

Input 

10BASE-T port differential receivers. 
RXPOL 


Receive Polarity 

Open Drain, Input-Output 

The twisted pair receiver is capable of detecting a re- 
ceive signal with reversed polarity (wiring error). 
RXPOL pin is normally in the LOW state, indicating cor- 
rect polarity of the received signal. If the receiver detects 
reversed polarity, then this pin is not driven (goes HIGH) 
and the polarity of subsequent packets is inverted. Inthe 
LOW output state, this pin can sink up to a maximum of 
16 mA and is therefore capable of driving an LED. 


This feature can be disabled by strapping this pin LOW. 
In this case the Receive Polarity correction circuit is 
disabled and the internal receive signal remains non- 
inverted, irrespective of the received signal. 


This pin is internally pulled HIGH when inactive. 


. SQE TEST 


Signal Quality Test (Heartbeat) Enable 
Input, Active LOW 


The SQE test function is enabled by tying this input 
LOW. 


This input is internally pulled HIGH when inactive. 
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TEST 
Test 
Input, Active HIGH 


This pin should be tied LOW for normal operation. If this 
pin is driven HIGH, TPEX will enter Loopback Test 
mode. The type of loopback is determined by the state of 
the SQE TEST pin. If this pin is in the LOW state (Station 
MAU), TPEX transfers data independently from DO to 
the TXD/TXP circuit and from RXD to the DI circuit. If the 
SQE TEST is in the HIGH state (Repeater MAU), then 
data on the RXD circuit is transmitted back onto the 
TXD/TXP circuit and data on the DO circuit is transmit- 
ted onto the DI pair. 


TXD+,TXD-— 
Transmit Data. 
Output 


10BASE-T port differential drivers. 
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Transmit Pre-Distortion 
Output 


Transmit waveform Pre-Distortion Control. 
XMT 


- Transmit 


Output 


This pin is driven HIGH while TPEX is receiving data on 
the AUI DO pair and is transmitting data on the TXD/ 
TXP pins. The XMT and RCV pins are simultaneously 
driven HIGH during Collision. 
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FUNCTIONAL DESCRIPTION 


The Twisted Pair Ethernet Transceiver (TPEX) com- 
plies with the requirements specified by the IEEE 802.3 
standard for the Attachment Unit Interface (AUI) andthe 
standard for 10BASE-T Medium Attachment Unit 
(MAU). TPEX also implements a number of features in 
addition to the IEEE 802.3 standard. An outline of func- 
tions implemented by the Am79C98 are given below: 


Attachment Unit Interface (DO+/-,DI+/—,Cl+/-) 


The AUI electrical and functional characteristics comply 
with that specified by the IEEE 802.3, sections 7 and 14 
(drafted). The AUI pins can be wired directly to the isola- 
tion transformer, for a remote MAU application, or to an- 
other device (e.g. Am7992 Serial Interface Adapter). 
The end-of-packet SQE Test function (Heartbeat) can 
be disabled to allow the device to be employed in a Re- 
peater application. 


Twisted Pair Transmit Function 


Data transmission to the 10BASE-T medium occurs 
when valid AUI signals appear on the DO+/- differential 
pair. This data stream is routed to the differential driver 
Circuitry in the TXD+/— pins. The driver circuitry provides 
necessary electrical driving capability and pre-distortion 
control for transmitting signals over maximum length 
Twisted Pair cable, as specified by the IEEE 802.3 
10BASE-T standard. The transmit function meets the 
propagation delays and jitter specified by the standard. 
During transmission, the XMT pin is driven HIGH and 
can be used for status information. 


Twisted Pair Receive Function 


The receiver complies with the receiver specifications of 
the IEEE 802.3 10BASE-T standard, including noise im- 
munity and received signal rejection criteria (“Smart 
Squelch”). Signals meeting this criteria appearing at the 
RXD+/- differential input pair are routed to the Dl+/- out- 
puts. The receiver function meets the propagation de- 
lays and jitter requirements specified by the standard. 
Receiver squelch level drops to approximately half its 
threshold value after unsquelch to allow reception of 
minimum amplitude signals and to offset carrier fade in 
the event of worst case signal attenuation and crosstalk 
noise conditions. During receive, the RCV pin is driven 
HIGH and can be used for status information. 


Link Test Function 


The Link Test function is implemented as specified by 
the IEEE 802.3 10BASE-T standard. During periods of 
transmit pair inactivity, Link Test pulses will be periodi- 
cally sent over the twisted pair medium to allow constant 
monitoring of medium integrity. When the Link Test 
function is enabled, the absence of Link Test pulses on 
the RXD+/— pair will cause the TPEX to go into a link fail 
state. In link fail state, data transmission, data reception, 
and the collision detection functions are disabled, and 
remain disabled until valid data or >2 consecutive Link 
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Test pulses appear on the RXD+/— pair. During link fail, 
the LNKST pin is internally pulled HIGH. When the link is 
identified as functional, the LNKST pin is driven LOW, 
and is capable of directly driving a “link OK” LED. In or- 
der to interoperate with systems which do not implement 
Link Test, this function can be disabled by grounding the 
LNKST pin. When disabled, the driver and receiver 
function remain enabled irrespective of the presence or 
absence of data or Link Test pulses on the RXD+/— pair. 
The transmitter continues to generate Link Test pulses 
in the absence of transmit data even if the Link Test 
function is disabled. 


Polarity Detection and Reversal 


The TPEX receive function includes the ability to invert 
the polarity of the signals appearing at the RXD+ pair if 
the polarity of the received signal is reversed (Such as in 
the case of a wiring error). This feature allows data pack- 
ets received from a reverse wired RXD+ input pair to be 
corrected in the TPEX prior to transfer to the DTE viathe 
AUI interface (DI+). The polarity detection function is ac- 
tivated following reset or Link Fail, and will reverse the 
receive polarity based on both the polarity of any previ- 
ous Link Test pulses and the polarity of subsequent 
packets with a valid End Transmit Delimiter (ETD). 


When in the Link Fail state, TPEX will recognize Link 
Test pulses of either positive or negative polarity. Exit 
fromthe Link Fail state is caused by the reception of 5 to 
6 consecutive Link Test pulses of identical polarity. On 
entry to the Link Pass state, the polarity of the last 5 Link 
Test pulses is used to determine the initial receive polar- 
ity configuration and the receiver is reconfigured to sub- 
sequently recognize only Link Test pulses of the previ- 
ously established polarity. This link pulse algorithm is 
employed only until ETD polarity determination is made 
as described later in this section. 


Positive Link Test pulses are defined as received sig- 
nals with a positive amplitude greater than 520 mV with 
a pulse width of 60 to 200 ns. This positive excursion 
may be followed by a negative excursion. This definition 
is consistent with the expected received signal at a cor- 
rectly wired receiver, when a Link Test pulse which fits 
the template of Figure 14—12 inthe 10BASE-T Standard 
is generated at a transmitter and passed through 100 m 
of twisted pair cable. 


Negative Link Test pulses are defined as received sig- 
nals with a negative amplitude greater than 520 mV with 
a pulse width of 60 to 200 ns. This negative excursion 
may be followed by a positive excursion. This definition 
is consistent with the expected received signal at a re- 
verse wired receiver, when a Link Test pulse which fits 
the template of Figure 14-12 inthe 10BASE-T Standard 
is generated at a transmitter and passed through 100 m 
of twisted pair cable. 


The polarity detection/correction algorithm will remain 
“armed” until two consecutive packets with valid ETD of 
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identical polarity are detected. When “armed”, the 
receiver is capable of changing the initial or previous po- 
larity configuration based on the most recent ETD 
polarity. 


On receipt of the first packet with valid ETD following re- 
set or Link Fail, TPEX will utilize the inferred polarity in- 
formation to configure its RXD+ input, regardless of its 
previous state. On receipt of a second packet with a 
valid ETD with correct polarity, the detection/correction 
algorithm will “lock-in” the initial polarity. If the second 
(or subsequent) packet is not detected as confirming the 
previous polarity decision, the most recently detected 
ETD polarity will be used as the new default. Note that 
packets with invalid ETD have no effect on updating the 
previous polarity decision. Once two consecutive pack- 
ets with valid ETD have been received, TPEX will dis- 
able the detection/correction algorithm until either a Link 
Fail condition occurs or PRDN/RST is asserted. 


During polarity reversal, the RXPOL pin is internally 
pulled HIGH. During normal polarity conditions, the 
RXPOL pin is driven LOW, and is capable of directly 
driving a “Polarity OK” LED using an integrated 16 mA 
.driver. If desired, the Polarity Reversal function can be 
disabled by grounding the RXPOL pin. 


Twisted Pair interface Status 


Two outputs (XMT and RCV) indicate whether TPEX is 
transmitting (AUI to Twisted Pair) or Receiving (Twisted 
Pairto AUI). Both signals are asserted during a Collision. 
In link fail mode, RCV is disabled. In jabber detect mode, 
XMT is disabled. Both signals are active HIGH. 


Collision Detect Function 


Simultaneous Carrier Sense (presence of valid data sig- 
nals) by both the AU] DO+/- pair and the RXD+/— pair 
constitutes a collision, thereby causing a 10 MHz signal 
to be asserted on the Cl+/— output pair. The Cl+/— output 
meets the drive requirements for the AUI interface. This 
10 MHz signal will remain on the Cl+/— pair until one of 
the two colliding states changes from active to idle. The 
Cl+/— output pair stays HIGH for two bit times at the end 
of acollision, decreasing to the idle level within eighty bit 
times after the last Low-to-High transition. Both the XMT 
and RCV pins are driven HIGH during collision. 


Signal Quality Error FSOF) Test (Heartbeat) 
Function | 


When the SQE TEST pin is driven LOW, TPEX will rou- 
tinely exercise the collision detection circuitry by gener- 
ating an SQE message atthe end of every transmission. 
This signal is a self-test indication to the DTE that the 
MAU collision circuitry is functional. An SQE message 
consists of a 10 MHz signal on the Cl+/— pair with a dura- 
tion of 8 bit times (800 ns). When enabled, a SQE Test 
will occur at the end of every transmission, starting eight 
bit times (800 ns) after the last transition of the transmit- 
ted signal. For repeater applications, the SQE Test func- 
tion can be disabled by tying the SQE TEST pin HIGH or 
by leaving it disconnected. 
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Jabber Function 


The Jabber function inhibits the twisted pair transmit 
function of TPEX if the DO+/— circuit is active longer 
than the time permitted to transmit the maximum length 
802.3/Ethernet data packet (50 ms nominal). This pre- 
vents any one node from disrupting the network due to a 
“stuck-on’” or faulty transmitter. If this maximum transmit 
time is exceeded, TPEX transmitter circuitry is disabled 
and a 10 MHz signal is driven onto the Cl+/— pair. Once 
the transmit data stream is removed from the DO+/— pair 
of inputs, an “unjab” time of 250 to 750 ms will elapse 
before TPEX removes the 10 MHz signal from the Cl+/— 
pair and re-enables the Transmit path. 


Power Down 


In addition to onboard power-on-reset circuitry, the | 
PRDN/RST pin is used as the master reset for TPEX. 
PRDN/RST must be driven LOW for a minimum of two 
microseconds for reset to occur. The PRDN/RST pin can 
also be used to put the TPEX into an inactive state, 
causing the device to consume less power. This feature 
is useful in battery powered or low duty cycle systems. 
Driving PRDN/RST LOW resets the internal logic of 
TPEX, and places the device into idle mode. In this 
mode, the Twisted Pair driver pins (TXD+/—,TXP+/—) 
are driven LOW, the AUI pins (Cl+/—, Dl+/—) are driven 
HIGH, the LNKST and RXPOL pins are in the inactive 
state, and XMT and RCV are LOW. TPEX will remain in 
IDLE as long as PRDN/RST is asserted. Following the 
rising edge of the signal on PRDN/RST, TPEX will re- 
main in the reset state for 10 us. 


Test Modes 


TPEX implements two types of loopback test modes 
suitable for Station (DTE) or Repeater applications. The 
Test mode is entered by driving the TEST pin HIGH. The 
two types of test modes available are: 


1. Station (DTE): SQE TEST pin LOW. Data on DO+/-— 
pair is transmitted onto the TXD+/— and T XP+/— pairs 
and data on the RXD+/— input pair is transmitted onto 
the Di+/— output pair. The jabber function and colli- 
sion detection function are disabled. 


2. Repeater: SQE TEST pin HIGH. Data on DO+/-— pair 
is looped back onto the, DI+/— pair and data on the 
RXD+/— pair is re-transmitted on the Twisted Pair 
drivers (TXD+/— and TXP+/— pairs). 


In both modes the jabber circuitry, collision detection, 
and collision oscillator functions are disabled, and the 
AUI and RXD+/— squelch circuits are active. 


TPEX External Components 


Figure 1 shows a typical twisted pair port external com- 
ponents schematic. The resistors used should have a 
+1% tolerance to ensure interoperability with 1OBASE-T 
compliant networks. Filters and pulse transformers are 
necessary devices that have a major influence on the 
performance and compliance of a TPEX-based MAU. 
Specifically, the transmitted waveforms are heavily in- 
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fluenced by filter characteristics and the twisted pair re- 
ceivers employ several criteria to continuously monitor 
the incoming signal’s amplitude and timing characteris- 
tics to determine when and if to assert the internal car- 
rier sense. For these reasons, it is crucial that the values 
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and tolerances of the external components be as speci- 
fied. Several manufacturers produce a module that 
combines the functions of the transmit and receive filters 
and the pulse transformers into one package. 


Twisted Pair 
Cable 


Module 14396C-010B 


The Filter/Transformer Module shown is available from the following manufacturers: 


Belfuse TDK 
Pulse Engineering PCA 
Valor Electronics Nano Pulse 


Figure 1. Typical TP Port External Components 
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961-1 
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AUI — Attachment Unit Interface 
DTE — Data Terminal Equipment 
MAU — Media Access Unit 


Local | Local Am7990 Am7992B Am79C98 
CPU . Memory Lance SIA Transceiver 


te a ee ee ep peg ee NO 


Figure 2. Typical Twisted Pair Ethernet Node 
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AYVNIWI1434d 


8606LWIY 


LZ6L-1 


ANLG +5 V 


0.1yF 
ANLG GND 40.22 40.22 
AUI Pulse 
Connector Transformer AVDD AVSS 


_ TXD+ 
TXP4 


TXP- 
RXD+ 


Cl- Pm | RXD- 
Am79C98 


one ee gee 5——___'!__] SGE TEST 
te aan __ Enable Heartbeat_ _ | 
DGTL GND 
ANLG +5 V 
24.3 kQ1% 
i PWDN/RST 
DVDD DVSS 
DGTL +5 V 
Notes: 0.1 uF 


hk 


. Compatible filter modules, with a brief description of package type 


and features are included in Table 1 of this section. 


. The resistor values are recommended for general purpose use, and should 4.7uF 


allow compliance to the 1OBASE-T specification for template fit and jitter 
performance. However, the overall performance of the transmitter is also 
affected by the transmit filter configuration. 


DGTL GND 


. Compatible AUI transformer modules, with a brief description of package type 


and features are included in Table 2 of this section. 


TXD- 


as 0.1 pF 
ANLG GND 
ANLG GND . Filter and 
Transformer 
57.62 Module RJ45 


Connector 


| | XMT 
768.0 QU | Filter 


Filter 


— | DGTL+5 V 


LINK OK 


as 
TEST RCV Rad -] >} 


pL 

NJ 

"e@) . 
i 

~ 

ne) 

7 


100 K 
D: 7 p—201 
: 47 pF 74HC132 
optional ___ -L— pr eno 1 


14395C-016A 


Figure 3. Typical TPEX System Application 
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Table 1. TPEX Compatible Media Interface Modules 


[Manufacturer | Part | Package | Description 
A556-2006-DE 16-pin 0.3” DIL Transmit and receive filters and transformers 
0556-2006-00 14-pin SIP Transmit and receive filters and transformers 


Bel Fuse 0556-2006-01 14-pin SIP Transmit and receive filters, transformers and} 
common mode chokes 


Valor Electronics PT3877 16-pin 0.3” DIL Transmit and receive filters and transformers 
Valor Electronics PT3983 8-pin 0.3” DIL Transmit and receive common mode chokes 


Valor Electronics FL1012 16-pin 0.3” DIL Transmit and receive filters and transformers, 
transmit common mode choke 


|Nanopulse NP6581 8-pin 0.3” DIL Transmit and receive common mode chokes 
Nano pulse NP6696 24-pin 0.6” DIL Transmit and receive filters, transformers and 
common mode chokes 


TLA 470 14-pin SIP Transmit and receive filters and transformers 


| TDK HIM3000 24-pin 0.6” DIL Transmit and receive filters, transformers and 
common mode chokes 


Pulse Engineering PE65421 16-pin 0.3” DIL Transmit and receive filters and transformers 
Pulse Engineering SUPRA 1.1 | 16-pin 0.5” DIL Transmit and receive filters and transformers 
| | transmit common mode choke 
Bel Fuse — 0556-6392-00 16-pin 0.5” DIL Transmit and receive filters, transformers, and 
common mode chokes 


Table 2. Am79C98 TPEX Compatible AUI Transformers 


[Manutacturer__| Pat'# | Package | Description 


Nano pulse NP6612 | 16-pin 0.3” DIL Transmit and receive filters, transformers and 
| common mode chokes 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature: -65 to +150°C Commercial (C) Devices 

Ambient Temperature Under Bias: 0 to +70°C Temperature (Ta): Oto +70°C 
Supply Voltages (AVpp, DVpp): +5V+5% 


Supply Voltage to AVss or DVss 


(AVop, DVpp): | -0.3 to +6V Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 

Stresses above those listed under Absolute Maximum Rat- 

ings may cause permanent device failure. Functionality at or 

above these limits is not implied. Exposure to absolute maxi- 

mum ratings for extended periods may affect device reliability. 


DC CHARACTERISTICS over COMMERCIAL operating range unless otherwise specified 


Parameter 
Symbol Parameter Description Test Conditions 


Digital Input Voltage 


[vu | inputtowvottage ss | 8 TV 
ir [patch votage [20 [s-0ve0 


— Output Voltage 


Output LOW Voltage lo.1 = 16 mA (Open drain) 0.4 V 
loc2 = 4.0 mA 


ee 


Digital Input Leakage Current 


Input Leakage Current O<Vw<DVoo+05V. |. +Y(|. 10 ~+«(| ~WA'Y 
liLD Input Leakage Current 0 < Vin < DVpp + 0.5 V 500 uA 
(Open drain pins, 
output inactive) 
input Current at DO+, DO- | 1 <Vin< AVoo+05V 
VAICM DO+/- Open Circuit Input In=OV AVpp - 3.0 | AVpp - 1.0 V 
Common Mode Voltage (Bias) | 
VAIDV | Differential Mode Input Avdd = 5 V -2.5 +2.5 V 
Voltage Range (DO+/-) 
LLL A ON CAE ME 
DO-+/- Switching Threshold ee 


VAOD Differential Output ieeren 7 = a QO 1100 
|(DI+) - (DI-)| OR |(Cl+) - 
VAODI — & Cl+/- Ri = 78 Q mV 
(Note 1) 


Differential Output 
Voltage Imbalance 

VAODOFF Di+/- & Cl+/- Ri = 78Q -40 +40 mV 
Differential Idle Output Voltage | 

lAODOFF Di+/- & Cl+/- Ri = 78 Q mA 
Differential Idle Output Current | (Note 1) 

VAOCM Di+/- & Cl+/- Common Ri = 78 Q AVop 

Mode Output Voltage 
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DC CHARACTERISTICS (Continued) - 


| Parameter |_ | a | 
Symbol Parameter Description Test Conditions 


Twisted Pair Interface . 


liRxD Input Current at RXD+/— AVss < Vin < AVop 


Rrxp RXD+/— Differential Input (Note 1) 
Resistance <" 


Viive RXD+, RXD-— Open Circuit Input] lin = 0 MA 
Voltage (Bias) | 


_- 
© 


AVop - 3.0 | AVpp - 1.5 


“B00 


VTipv Differential Mode Input AVpop = +5 | —3.1 3.1 
Voltage Range (RXD+/-) | | | 

VTsas RXD Positive Sinusoid 5 MHz < f<- 10 MHz 300 520 
Squelch Threshold (Peak) | 

VTsa- RXD Negative | Sinusoid 5 MHz < f< 10 MHz —520 -—300 
Squelch Threshold (Peak) : 

VTHS+ RXD Post-Squelch Positive Sinusoid 5 MHz < f< 10 MHz 150 293 
Threshold (Peak) : | 

VTHs- RXD Post-Squelch Negative Sinusoid 5 MHz < f< 10 MHz —293 —150 
Threshold (Peak) | 


VRXDTH RXD Switching Threshold | (Note 1) = ae 


| VTXH TXD+/— and TXP+/— (Note 2) DVpp - 0.6 DVpp 
Output HIGH Voltage DVss =0V 
VITXL TXD+/— and TXP+/— (Note 2) | DVss DVss + 0.6 
Output LOW Voltage DVpp = +5 V : | 


TXD+/— and TXP+/— 


VIX! 
Differential Output 
Voltage Imbalance 


VTXOFF TXD+/— and TXP+/— 
Differential Idle Output Voltage 


TXD+/~ and TXP+/— (Note 1) 
Differential Driver 
Output Impedance 


lREXT Input Current at REXT Pin Rext = 24.3K 241% 


Power Supply Current — 


Power Supply Current 
(Transmitting 10 MHz Data) 
(Typical TP load) 


Power Supply Current 


O 
< 
we) 
Oo 
| 
+ 
o1 
< 


—40 
40 mV 


eo 


D 
pat) 
< 


> 
< 
oe) 
oO 
ca 
oOo 
< 


PRDN/RST = HIGH 


PRDN/RST = HIGH 
(Transmitting 10 MHz Data) 


IDDPRDN 


) 
Power Supply Current ~~ | PRDN/RST = LOW ae aa 
n Power Down Mode , 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges 


Parameter 
Symbol Parameter Description 


Transmit Timing 
tpwopdo DO Pulse Width [Vin] > |VAsa| 
Accept/Reject Threshold (Note 3) 
tpwkKDO DO Pulse Width [Vin| > [Vasa] 105 
Maintain/Turn-Off Threshold (Note 4) 
tTON Transmit Start Up Delay 
tTsD Transmit Static Propagation 
Delay (DO to TXD) 
tDODION DO to DI Startup Delay 


tpopisp DO to DI Static Propagation 100 
Delay 


—_ 
ol 
ie) 


ie) 
oO 
oO 


tTETD Transmit End of Transmission 


tTR Transmitter Rise Time 
(10% to 90%) 


tTF Transmitter Fall Time 
(90% to 10%) 


TT Transmitter Rise and Fall 
Time Mismatch 
tTHD DO L—>H to TXD+ L—->H Steady State ttsp — 1.0 tTsp + 1.0 
and TXD- H->L Delay (Note 1) 
tTLD DO H->L to TXD+ H—->L Steady State ttsp — 1.0 trsp + 1.0 
and TXD- L—>H Delay (Note 1) 
tTHDP DO L—>H to TXP+ H->L Steady State trso+ 40 | trso+6 
and TXP- L->H Delay (Note 1) 
tTLDP DO H—>L to TXP+ L—>H Steady State tTsp + 40 ttsp + 6 
and TXP-— H->L Delay (Note 1) | 
tavron | _XMT Asserted Delay foe 
tXMTOFF XMT De-asserted Delay ae 


N 
O1 
© 
aS 
ol 
© 


=) 


oO 


© 


=, —k 


MN 
£ 


tPERLP Idle Signal Period 
tPWLP Idle Link Test Pulse Width (Note 1) 


tpwPLP Predistortion Idle Link Test (Note 1) 
| Pulse Width 
tua Transmit Jabber 
Activation Time 

JR Transmit Jabber 

Reset Time 
Transmit Jabber 
Recovery Time (Minimum time 
gap between transmitted 


& 
oO 


NO 
© 
-- 
ol 
oO 


oO 
NH 
© 


t 


tUREC 


packets to prevent jabber 
activation) 


ix 
jen) 
wn” 
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SWITCHING CHARACTERISTICS (Continued) 


Parameter 
Symbol Parameter Description 


RXD Pulse Width [Vin] >|VTHs| 136 
Maintain/Turn-Off Threshold (Note 5) 
Receiver Start Up Delay 5 MHz Sinusoid 400 
(RXD to Di+/-) 

trvB First Validly Timed Bit bie tRON + 100 


Receiver Static Propagation 
Delay (RXD to Dl) ‘ 
treo __|_DI End of Transmission /_—_____} +} 
tRHD: RXD L—>H to Dl+ L—>H (Note 1) trsp — 2.5 trasp + 2.5 
and DI— H—>L Delay 
tRLD RXD H—>L to DI+ H->L (Note 1) trsp — 2.5 trsp + 2.5 
and DI- L->H Delay 
Di+, DI-, Cl+, Cl— Rise 
Time (10% to 90%) 
Di+, DI-, Cl+, Cl- Fall 5.0 
Time (10% to 90%) : 
Di+/— & Cl+/— Rise and Fall 2.0 
Time Mismatch (|tar — trF}) 
{_trevon | RCVAssertedDelay | stron 50 | tron+100 | rs 
RCV De-asserted Delay a trsp +250 | ns_| 


Collision Detection and SQE Test 
tCON Collision Turn-On 
Delay (Cl+/— 
tCOFF Collision Turn-Off 
To gee (Ci+/—) 
| teen | | Collision Period (Cl4/-) Period (Cl+/—) 


| tcpw Collision Output Pulse Width. an Ce 
nee | 


| SQETestDelayTime  —s mens at 1600 | ns | 


Notes: 
1. Parameter not tested. 
. Uses switching test load. 


2 
3. DO pulses narrower than tpwobdo (min) will be rejected; pulses wider than tpwoDo (max) willturn internal DO carrier sense on. 
4 


. DO pulses narrower than tpwKbo (min) will maintain internal DO carrier sense on; pulses wider than tpwkDo (max) will turn 
internal DO carrier sense off. 


5. RXD pulses narrower than tpwkRb (min) will maintain internal RXD carrier sense on; pulses wider than tpwKRD (max) will turn 
internal RXD carrier sense off. 
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SWITCHING WAVEFORMS 
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SWITCHING WAVEFORMS 


tPwPLP 


TXD+ 


TXP+ j \ / \ 


TXD- 


TXP- 


' tPWLP tPERLP 


TP Idie Link Test Pulse 


SWITCHING TEST CIRCUITS 


DVpp 


TXD+ TEST POINT 
TXD-— 
100 pF 
Includes test 
jig capacitance 
DVss 
14395C-014A 
TXD Switching Test Circuit 
DVppb 
TXP+ TEST POINT 
TXP— 


100 pF 


Includes test 
jig capacitance 


DVss 
14395C-015A 


TXP Switching Test Circuit 
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RECEIVE TEST CIRCUIT 
DVpp 
Di+ 
DI- TEST POINT 
Cl+ 
Cl- 
DVss 
14395C-013A 
AUI DI, Cl Switching Test Circuit 
DO +/-— 
RXD + /- 
{CON 
Cl + 
Cl —- 
tcPpw tPER 
Collision Timing 
DO +/- 


tSQEL 14395C-007B 


SQE Test Timing (SQE Test Pin Connected to Vss) 
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Twisted Pair Ethernet Transceiver Plus 


(TPEX Plus) 


DISTINCTIVE CHARACTERISTICS 


m™ CMOS device provides IEEE 802.3 compliant 
operation and low operating current from a 
single +5 V supply 


m@ Power Down mode for reduced power 
consumption in battery powered applications 


m@ Automatic Twisted Pair Link integrity 


m@ Pin-selectable Twisted Pair receive polarity 
detection and automatic inversion of the 
receive signal. Polarity indication output pin 
can directly drive a LED. 


m@ Pin-selectable Twisted Pair Link Integrity Test 
capability conforming to the IEEE 802.3 
standard. Link status pin can directly drive 
a LED. 


GENERAL DESCRIPTION 


The Am79C100 Twisted Pair Ethernet Transceiver Plus 
(TPEX Plus) is an integrated circuit that implements the 
Medium Attachment Unit (MAU) functions for the 
Twisted Pair Medium, as specified by the supplement to 
IEEE 802.3 standard (Type 10BASE-T). This device 
provides the necessary electrical and functional inter- 
face between the IEEE 802.3 standard Attachment Unit 
Interface (AUI) and the Twisted Pair cable. 


A network based on the 10BASE-T standard can use 
unshielded twisted pair cables, therefore providing an 
economical solution to networking by allowing the use of 
existing telephone wiring. The Am79C100 provides a 
minimal component count and cost effective solution to 
the design and implementation of 10BASE-T standard 
networks. 


Publication# 16511 Rev. A Amendment | 
Issue Date: January 1992 
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Advanced 
Micro 
Devices 


@ Transmit, Receive and Collision status 
indications avallable on separate, dedicated 
pins. Outputs can directly drive LEDs with 
pulses stretched to ensure LED visibility. 


m@ Internal Twisted Pair transmitter digital pre- 
distortion circuit to reduce medium induced 
jitter 
Pin-selectable SQE Test (Heartbeat) enable 

@ AU! loop-back, Jabber Control, and SQE Test 
functions comply with the 10BASE-T Standard 

m@ User selectable loopback operations 

Pin selectable Twisted Pair receive threshold 


programming for extended distance line 
lengths 


TPEX Plus provides twisted pair driver and receiver cir- 
cuits, including on-board transmit digital predistortion, 
receiver squelch, and an AUI port with pin selectable 
SQE Test enable. The device provides a number of ad- 
ditional features including Link Status indication with 
Automatic Twisted Pair Receive Polarity Detection/Cor- 
rection and indication; pin selectable receive threshold 
programming for extended distance line lengths; and 
Receive Carrier Sense, Transmit Active and Collision 
Present indication. The device provides separate 
Twisted Pair Link Status, Polarity Status, Receive, 
Transmit and Collision outputs to drive LEDs directly. 


<4 amp | PRELIMINARY 


BLOCK DIAGRAM 
TEST1 TEST2 XMT COL RCV RXPOL LNKST 
Reena) RIE EA, 
LED Driver Logic 

i j Line Driver [| T 7} 
DO+ A Line Receiver TXD— 

- and aa 
po- —_L fet aneoauern i= Jabber ie Predistortion |_| | | Lai 


imi 


Circuit ‘ Baste 
. Collision and ery ieane : 
Cl- a [Line Driver Loopback : 
2 =, Polarity Line Receiver RXD 
Di+ Detection and |} and may ¥ 


oe | SN Be Oa pars aren " RXD- 
| ae CRT 


itil tia, 
RDN/ 


Voltage 
Oscillator 


REXT 
Attachment Twisted Pair 
Unit Interface . Interface 
(AUI) 
16511B-001B 
RELATED AMD PRODUCTS 


Am79C3900 Integrated Local Area Communications Controller (ILACC) 


Am79C940 | Media Access Controller for Ethernet (MACE) 


“py 
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CONNECTION DIAGRAM | 


DVss TXP- 
DVss DVDD 
XMT TESTO 
LNKST TEST1 
COL SOE TEST 
AVss CRT 
DO+ AVpp 
16511A-002A 
LOGIC SYMBOL 
DO+ 
DO- 
payee Di+ Twisted Pair 
(AUI) DI- Interface 


Cl+ 
Cl- Am79C100 


SQE TEST 
TEST1 
TEST2 
REXT 
PRDN/RST 


DVss 


16511B-003B 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The ordering number (Valid 
Combination) is formed by a combination of: 


AM79C100 J Cc 


| Sees OPTIONAL PROCESSING 


Blank = Standard Processing 


TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 


PACKAGE TYPE 
J = 28-Pin Plastic Leaded Chip 
Carrier (PL 028) 


SPEED OPTION 
Not Applicable 


DEVICE NUMBER/DESCRIPTION 
Am79C100 
Twisted Pair Ethernet Transceiver Plus (TPEX Plus) 


Valid Combinations Valid Combinations 
AM79C100 The Valid Combinations table lists configura- 


tions planned to be supported in volume for 
this device. Consult the local AMD sales of- 
fice to confirm availability of specific valid 
combinations, to check on newly released 
combinations, and to obtain additional data 
on AMD’s standard military grade products. 


1-210 Am79C100 


PRELIMINARY 


AMD ci 


PIN DESCRIPTION 


AVbDD va 
Analog Power 


This pin supplies the +5 V to analog portions of TPEX 
Plus circuitry. 


AVss v 
Analog Ground 


This pin is the ground reference for analog portions of 
TPEX Plus circuitry. 


Ci+, Cl- J 
Control In 
Output 


AUI port differential driver. 


COL 
Collision 
Output,Open Drain 


This pin is driven LOW while the TPEX Plus is simulta- 
neously receiving data on the AUI DO pins and the 
twisted pair RXD pins, indicating a collision condition ex- 
ists. It is also driven if TPEX Plus enters the jabber con- 
dition due to excessive length of activity on the DO pair. 
In this case TPEX Plus will wait for a period of inactivity 
on DO for the “unjab” time of 250 to 750 ms, before the 
10 MHz pattern on the Cl pair is removed and COL re- 
turns inactive. COL will not be driven during SQE Test 
activity on the AUI Cl pair. In the LOW output state, the 
pin is capable of sinking a maximum of 12 mA and can 
be used to drive an LED. The COL output is pulse 
stretched for 20 to 62 ms after the end of collision, to 
ensure LED visibility. 


Di+, DE 
Data In 
Output 


AUI port differential driver. 
DO+, DO- 


Data Out 
Input 


_ AUI port differential receiver. 


DVpp wa 
Digital Power 


This pin supplies the +5 V to digital portions of TPEX | 


Plus Circuitry, including all transmit drivers. 


DVss f 

Digital Ground 

Two pins provide the ground reference for digital por- 
tions of TPEX Plus circuitry, including all transmit driv- 
ers and the status indication LED drivers. 


LNKST " 

Link Status 

Input/Output, Open Drain 

When this pin is tied LOW, the internal Link Test 
Receive function is disabled, and the Transmit and 
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Receive functions will remain active regardless of 
arriving idle link pulses and data. TPEX Plus continues 
to generate idle link pulses irrespective of the status of 
this pin. 


As an output, this pin is driven LOW if the link is 
identified as functional. However, if the link is deter- 
mined to be nonfunctional, due to missing idle link 
pulses or data packets, then this pin is not driven 
(internally pulled HIGH). In the LOW output state, the 
pin is capable of sinking a maximum of 12 mA and can 
be used to drive an LED. 


In the absence of external drive, the pin is internally 
pulled HIGH when inactive. 


LRAT 


Low Receive Threshold 
Input, Active LOW 


When this pin is tied LOW, the internal twisted pair re- 
ceive thresholds are reduced by 4.5 GB from their origi- 
nal values (approximately 3/5 of the normal 10BASE-T 
value). With LRT in the HIGH state, the unsquelch 
threshold for the RXD+ circuit will be 300 to 520 mV 
peak. With LRT in the LOW state, the unsquelch thresh- 
old for the RXD+ circuit will be 180 to 312 mV peak. In 
either case, the RXD+ Circuit post unsquelch threshold 
will be approximately one half of the initial unsquelch 
threshold. 


PRDN/RST * 
Power Down/Reset 
input, Active LOW 


Driving this input LOW resets the internal logic of TPEX 
Plus and places the device in a special Power Down 
mode. In the Power Down/Reset mode, all output driv- 
ers are placed in their inactive state. 


REXT 

External Resistor 

input 

An external precision resistor is connected between this 
pin and AVpp, in order to provide a current reference for 
the internal Voltage Controlled Oscillator (VCO). 


RCV 
Receive 
Output,Open Drain 


This pin is driven LOW while TPEX Plus is receiving 
data on the twisted pair RXD pins and is transferring the 
received signal onto the AU! DI pair. The output is LOW 
during Collision simultaneously with the COL pin. Inthe 
LOW output state, the pin is capable of sinking a maxi- 
mum of 12 mA and can be used to drive an LED. The 
RCV output is pulse stretched for 20 to 62 ms after the 
end of reception, to ensure LED visibility. 


RXD+, RXD- ” 
Receive Data 
Input 


10BASE-T port differential receiver. 
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RXPOL . 
Receive Polarity 
Input/Output, Open Drain 


The twisted pair receiver is capable of detecting a re- 
ceive signal with reversed polarity (wiring error). The 
RXPOL pin is normally in the LOW state, indicating cor- 
rect polarity of the received signal. If the receiver detects 
a received packet with reversed polarity, then this pin is 
not driven (goes HIGH) and the polarity of subsequent 
packets is inverted. In the LOW output state, this pincan 
sink up to a maximum of 12 mA and is therefore capable 
of driving an LED. 


This feature can be disabled by strapping this pin Low. 
In this case the Receive Polarity correction circuit is dis- 
abled and the internal receive signal remains non- 
inverted, irrespective of the received signal. 


In the absence of external drive, the pin is internally 
pulled HIGH when inactive. 


SQE TEST 
Signal Quality Test (Heartbeat) Enable 
Input, Active LOW | 


The SQE Test function is enabled by tying this input 
LOW. When enabled, TPEX Plus will send a 10 MHz 
burst (heartbeat) on the Cl+ lines after DO+ has become 
inactive, indicating integrity of the collision detection and 
AUlI circuitry. SQE TEST should be disabled for repeater 
applications. 


In the absence of siemal drive, the pin is internally 
pulled HIGH when inactive. 


TEST1 
Test . 
Input, Active HIGH 


This pin should be tied LOW for normal operation. 
TEST1 permits system level diagnostics to be per- 
formed. If TEST1 is driven HIGH (while TEST2 is main- 
tained HIGH), TPEX Plus will enter the Loopback Test 
mode. The type of loopback is determined by the state of 
the SQETEST pin. If SQE TEST is in the LOW state (Sta- 
tion MAU), TPEX Plus transfers data independently 
from DO to the TXD/TXP circuits and from RXD to the DI 
circuit. If the SQE TEST is in the HIGH state (Repeater 
MAU), then data on the RXD circuit is transmitted back 


Sa 
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onto the TXD/TXP circuit and data on the DO circuit 
transmitted onto the DI pair. 


During either test mode, the collision detection and SQE 
Test functions are disabled, and Cl+ will remain idle. 

Link beat pulses will continue to be generated normally 
in the absence of TXD/TXP output activity, and the Link 
Test Receive State Machine will be forced into the Link 
Pass state. The COL pin will be driven LOW whenever a 
Link Beat pulse or transmit data activity commences, 
and remain low during the output activity. The receive 
squelch will continue to operate on both the RXD+ and 
DOs+ input circuits. 


in the absence of external drive, the pin is intemally 
pulled LOW. 


TEST2 

Test 

Input, Active LOW 

This pin should be tied HIGH for normal operation. 
TEST2 is reserved for factory testing, and should be 
permanently tied HIGH. 


In the absence of external drive, the pin is internally 
pulled HIGH. 


TXD+, TXD- 
Transmit Data 
Output 


10BASE-T port differential drivers. 


/ TXP+, TXP- 


Transmit Pre-Distortion 
Output 


Transmit wave form differential driver for pre-distortion. 


XMT 
Transmit 
Output, Open Drain 


This pin is driven LOW while TPEX Plus is receiving 
data on the AUI DO pair and is transmitting data on the 
TXD/TXP pins. The output is LOW during collision si- 

multaneously with the COL pin. Inthe LOW output state, 
the pin is capable of sinking a maximum of 12 mA and 
can be used to drive an LED. The XMT output is pulse 
stretched for 20 to 62 ms after the end of transmission, 
to ensure LED visibility. 
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FUNCTIONAL DESCRIPTION 


The Twisted Pair Ethernet Transceiver Plus (TPEX 
Plus) complies with the requirements specified by the 
IEEE 802.3 standard for the Attachment Unit Interface 
(AUI) and the 10BASE-T Standard for a twisted pair Me- 
dium Attachment Unit (MAU). TPEX Plus also imple- 
ments a number of features in addition to the IEEE 802.3 
standard. An outline of functions implemented by the 
Am79C100 are given below. 


Attachment Unit Interface (DO+, Dl+, Cli+) 


The AUI electrical and functional characteristics comply 
with those specified within the IEEE 802.3 documents, 
sections 7 and 14. The AUI pins can be wired to an isola- 
tion transformer, for a remote MAU application, or di- 
rectly to another device (e.g. Am7992B Serial Interface 
Adapter), in the case of a local DTE application. The 
end-of-packet SQE Test function (Heartbeat) can be 
disabled to allow the device to be employed in a Re- 
peater application. 


Twisted Pair Transmit Function 


Data transmission to the 10BASE-T medium occurs 
when valid AUI signals appear on the DO+ differential 
pair. This data stream is routed to the differential driver 
circuitry in the TXD+ and TXP+ pins. The driver Circuitry 
provides the necessary electrical driving capability and 
the pre-distortion control for transmitting signals over 
maximum length Twisted Pair cable, as specified by the 
IEEE 802.3 10BASE-T Standard. During transmission, 
data is looped back to the Dl differential circuit, 
indicating normal operation. The transmit function for 
data output and loopback operations meets the propa- 
gation delays and jitter specified by the standard. During 
normal transmission, and providing that TPEX Plus is 
not in a Link Fail or jabber state, the XMT pin will be 
driven LOW, and can be used to drive a status LED 
directly. 


Twisted Pair Receive Function 


The receiver complies with the receiver specifications of 
the IEEE 802.3 10BASE-T standard, including noise im- 
munity and received signal rejection criteria (“Smart 
Squelch’). Signals meeting this criteria appearing at the 
RXD+ differential input pair are routed to the Di+ out- 
puts. The receiver function meets the propagation de- 
lays and jitter requirements specified by the standard. 
The receiver squelch level drops to approximately half 
its threshold value after unsqueich to allow reception of 
minimum amplitude signals and to mitigate carrier fade 
in the event of worst case signal attenuation and 
crosstalk noise conditions. During receive, the RCV pin 
is driven LOW and can be used to drive a status LED 
directly. 


Note that the 10BASE-T standard defines the receive in- 
put amplitude at the external Media Dependent Inter- 
face (MDI). Filter and transformer loss are not specified. 
The TPEX Plus receiver squelch levels are defined to 
account fora 1 dB insertion loss at 10 MHz, which is typi- 
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cal for the type of receive filters/transformers recom- 
mended (see also Table 1). 


Normal 10BASE-T compatible receive thresholds are 
employed when the LRT pin is inactive (HIGH). When 
the LRT pin is externally pulled LOW, the Low Receive 
Threshold option is invoked, and the sensitivity of the 
TPEX Plus receiver is increased. This allows longer line 
lengths to be employed, exceeding the 100 mtarget dis- 
tance of normal 10BASE-T (assuming typical 24 AWG 
cable). The additional cable distance attributes directly 
to increased signal attenuation and reduced signal am- 
plitude at the TPEX Plus receiver. However, from a sys- 
tem perspective, making the receiver more sensitive 
means that it is also more susceptible to extraneous 
noise, primarily caused by coupling from co-resident 
services (crosstalk). For this reason, it is recommended 
that when using the Low Receive Threshold option that 
the service should be installed on 4-pair cable only. 
Multi-pair cables within the same outer sheath have 
lower crosstalk attenuation, and may allow noise emit- 
ted from adjacent pairs to couple into the receive pair, 
and be of sufficient amplitude to falsely unsquelch the 
TPEX Plus. 


Link Test Function 


The link test function is implemented as specified by 
10BASE-T standard. During periods of transmit pair in- 
activity, “Link Beat” pulses will be periodically sent over 
the twisted pair medium to allow constant monitoring of 
medium integrity. 


When the link test function is enabled, the absence of 
Link Beat pulses and receive data on the RXD+ pair will 
cause the TPEX Plus to go into a Link Fail state. In the 
Link Fail state, data transmission, data reception, data 
loopback and the collision detection functions are dis- 
abled, and remain disabled until valid data or >5 con- 
secutive link pulses appear on the RXD+ pair. During 
Link Fail, the LNKST pin is internally pulled HIGH. When 
the link is identified as functional, the LNKST pin is 
driven LOW, and is capable of directly driving a “Link 
OK” LED. In order to inter-operate with systems which 
do not implement link test, this function can be disabled 
by grounding the LNKST pin. With link test disabled, the 
data driver, receiver and loopback functions as well as 
collision detection remain enabled irrespective of the 
presence or absence of data or link pulses on the RXD+ 
pair. 


Polarity Detection and Reversal 


The TPEX Plus receive function includes the ability to in- 
vert the polarity of the signals appearing at the RXD+ 
pair if the polarity of the received signal is reversed 
(such as in the case of a wiring error). This feature al- 
lows data packets received from a reverse wired RXD+ 
input pair to be corrected in the TPEX Plus prior to trans- 
fer to the DTE via the AUI interface (DI+). The polarity 
detection function is activated following reset or Link 
Fail, and will reverse the receive polarity based on both 
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the polarity of any previous Link Beat pulses and the po- 
larity of subsequent packets with a valid End Transmit 
_ Delimiter (ETD). 


When in the Link Fail state, TPEX Plus will recognize 
Link Beat pulses of either positive or negative polarity. 
Exit from the Link Fail state is caused by the reception of 
5 to 6 consecutive Link Beat pulses of identical polarity. 
On entry to the Link Pass state, the polarity of the last 5 
Link Beat pulses is used to determine the initial receive 
polarity configuration and the receiver is reconfigured to 
subsequently recognize only Link Beat pulses of the 
previously recognized polarity. This link pulse algorithm 
is employed only until SFD polarity determination is 
made as described later in this section. 


Positive Link Beat pulses are defined as received signal 
with a positive amplitude greater than 520 mV (LRT = 
HIGH) with a pulse width of 60 to 200 ns. This positive 
excursion may be followed by a negative excursion. 
This definition is consistent with the expected received 
signal at a correctly wired receiver, when a Link Beat 
pulse which fits the template of Figure 14—12 in the 
10BASE-T Standard is generated at a transmitter and 
passed through 100 m of twisted pair cable. 


Negative Link Beat pulses are defined as received sig- 
nals with a negative amplitude greater than 520 mV 
(LRT = HIGH) with a pulse width of 60 to 200 ns. This 
negative excursion may be followed by a positive excur- 
sion. This definition is consistent with the expected re- 
ceived signal at a reverse wired receiver, when a Link 
Beat pulse which fits the template of Figure 14—12 inthe 
10BASE-T Standard is generated at a transmitter and 
passed through 100 m of twisted pair cable. 


The polarity detection/correction algorithm will remain 
“armed” until two consecutive packets with valid ETD of 
identical polarity are detected. When “armed”, the 
receiver is capable of changing the initial or previous 
polarity configuration based on the most recent ETD 
polarity. 


On receipt of the first packet with valid ETD following re- 
set or Link Fail, TPEX Plus will utilize the inferred polar- 
ity information to configure its RXD+ input, regardless of 
its previous state. On receipt of a second packet with a 
valid ETD with correct polarity, the detection/correction 
algorithm will “lock-in” the received polarity. If the sec- 
ond (or subsequent) packet is not detected as confirm- 
ing the previous polarity decision, the most recently de- 
tected ETD polarity will be used as the default. Note that 
packets with invalid ETD have no effect on updating the 
previous polarity decision. Once two consecutive pack- 
ets with valid ETD have been received, TPEX Plus will 


disable the detection/correction algorithm until either a 


Link Fail condition occurs or PRDN/RST is asserted. 


During polarity reversal, the RXPOL pin is internally 
pulled HIGH. During normal polarity conditions, the 
RXPOL pin is driven LOW, and is capable of directly 
driving a “Polarity OK” LED using an integrated 12 mA 
driver. If desired, the Polarity Reversal function can be 
disabled by grounding the RXPOL pin. 


Twisted Pair Interface Status 


Three outputs (XMT, RCV and COL) indicate whether 
the TPEX Plus is transmitting (AU! to Twisted Pair), re- 
ceiving (Twisted Pair to AUI), or in a collision state with 
both functions active simultaneously. 


The TPEX Plus will power up in the Link Fail state. The 
normal algorithm will apply to_allow it to enter the Link 
Pass state. On power up, the XMT, RCV, and COL LED 
drivers activate for 20 to 62 ms as a lamp test feature, 
and will then go to their inactive state until TPEX Plus 
enters the Link Pass state. | 


Inthe Link Pass state, transmit or receive activity which 
passes the pulse width/amplitude requirements of the 
DO+ or RXD+ inputs will be indicated by the XMT or RCV — 
pin respectively going active. XMT, RCV, and COL are. 
all asserted during a collision. 


Inthe Link Fail state, XMT, RCV, and COL are disabled. 


In jabber detect mode, TPEX Plus will activate the COL 
driver, disable the XMT ‘MT driver (regardless of DO+ activ- 
ity), and allow the RCV driver to indicate the current 
state of the RXD+ pair. If there is no receive activity on 
RXD+, only COL will be active during jabber detect. If 
there is RXD+ activity, both COL and RCV will be active. 


Allthree outputs are active LOW and incorporate 12 mA 
drive capability with 20 to 62 ms pulse stretch circuitry, 
to extend the event to ensure LED visibility. 


Collision Detect Function 


Simultaneous Carrier Sense (presence of valid data sig- 
nals) by both the AUI DO+ pins and the twisted pair 
RXD+ pins constitutes a collision, thereby causing a 
10 MHz signal to be asserted on the Cl+ output pair, and 
the COL output to be activated. The Cl+ output meets 
the drive requirements for the AUI interface. This 
10 MHz signal will remain on the Cl+ pair until one of the 
two colliding states changes from active to idle. During 
the collision condition, data presented on the Dl+ pair 
will be sourced from the RXD+ input. At the end of colli- 
sion, the data presented on the DI+ pair will be sourced 
from the last remaining active input, either RXD+ or 
DO+. The Cl+ output pair stays HIGH for 2 bit times at 
the end of a collision, decreasing to the idle level within 
80 bit times after the last transition. The XMT, RCV, and 
COL pins are driven LOW during collision. 


Signal Quality Error (SQE) Test 
(Heartbeat) Function 


When the SQE TEST pin is driven LOW, TPEX Plus will 
routinely exercise the collision detection circuitry by 
generating an SQE Test message at the. end of every 
transmission. This signal is a self-test indication to the 
DTE that the MAU collision circuitry is functional and the 
AUI cable/connection is intact. An SQE Test message 
consists of a 10 MHz signal on the Cl+ pair with a dura- 
tion of 5 to 15 bit times (500 to 1500 ns). When enabled, 


~ a SQE Test will occur at the end of every transmission, 


1-214 Am79C100 


PRELIMINARY 


starting 6 to 16 bit times (600 to 1600 ns) after the last 
transition of the transmitted signal. For repeater applica- 
tions, the SQE Test function can be disabled by tying the 
SQE TEST pin HIGH or by leaving it disconnected. The 
COL output will remain inactive during the SQE Test 
message on Clit. 


Jabber Function 


The Jabber function inhibits the twisted pair transmit 
function of TPEX Plus if the DO+ circuit is active for an 
excessive period (20 to 150 ms). This prevents any one 
node from disrupting the network due to a “stuck-on” or 
faulty transmitter. If this maximum transmit time is ex- 
ceeded, the TPEX Plus transmitter circuitry is disabled 
and a 10 MHz signal is driven onto the Cl+ pair. Once the 
transmit data stream is removed from the DO+ input 
pair, an “unjab” time of 250 to 750-ms will elapse before 
the TPEX Plus removes the 10MHz signal from the Cl+ 
pair and re-enables the transmit circuitry 


When jabber is detected, TPEX Plus will activate the 
COL driver, disable the XMT driver (regardless of DO+ 
activity), and allow the RCV driver to indicate the current 
state of the RXD+ pair. If there is no receive activity on 
RXD+, only COL will be active during jabber detect. If 
there is RXD+ activity, both COL and RCV will be active. 


Power Down 


In addition to on board power-on-reset Circuitry, the 
PRDN/RST pin is used as the master reset for TPEX 
Plus. PRDN/RST must be driven LOW for a minimum of 
2 us for reset to occur. The PRDN/RST pin can also be 
used to put the TPEX Plus into an inactive or “sleep” 
state, causing the device to consume less power. This 
feature is useful in battery powered or low duty cycle 
systems. Driving PRDN/RST LOW resets the internal 
logic of TPEX Plus, and places the device into idle 
mode. In this mode, the Twisted Pair driver pins 
(TXD+,TXP+) are driven LOW, the AUI pins (Ci+, DI+) 
are pulled to AVpp, the LNKST and RXPOL pins are in 
the inactive state, and the XMT, RCV, and COL pins are 
inthe high impedance state. TPEX Plus will remain in 
idle mode as long as PRDN/RST is asserted. 


Following the rising edge of the signal on PRDN/RST, 
TPEX Plus will remain in the reset state for up to 10 ts. 
Immediately after the reset condition is removed, TPEX 
Plus will drive the XMT, RCV and COL outputs low for 20 
to 62 ms as a lamp test feature, and will be forced into 
the Link Fail state. TPEX Plus will move to the Link Pass 
state only after 5 to 6 Link Beat pulses and/or a single 
received message is detected on the RXD+ pair. 


Test Modes 


TPEX Plus implements two types of loopback test 
modes suitable for Station (DTE) or Repeater applica- 
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tions. The Test Mode is entered by driving the TEST1 
pin HIGH. The TEST2 pin is intended for factory test only 
and should be tied HIGH for Test Mode or normal opera- 
tion. The two available Test Modes are: 


1. Station (DTE): SOE TEST pin LOW. Data received 
on the DO+ Input pair is transmitted onto the TXD+ 
and TXP+ output pairs, and data received on the 
RXD+ input pair is transmitted onto the Di+ output 
pair. 


2. Repeater: SQE TEST pin HIGH. Data received on 
the DO+ input pair is looped back onto the Di+ output 
pair, and data received on the RXD+ pair is looped 
back and re-transmitted on the twisted pair drivers 
(TXD+ and TXP+ pairs). 


in both modes TPEX Plus will be forced into the Link 
Pass state, and will not enter the Link Fail state 
regardless of RXD+ inactivity. The following functions 
are disabled: jabber circuit, collision detection, and 
Collision oscillator. The functions which remain enabled 
are: the DO+ and RXD+ squelch circuits, XMT and RCV 
outputs, Link Beat pulse generation and polarity detec- 
tion/correction. In addition, in both modes, the COL pin 
(not used to indicate collision during Test Modes) will go 
active for the duration of any transmit activity on the 
TXD+/TXP+ pairs, providing a leading high-to-low edge 
indicating the start of packet transmission or Link Beat 
pulse generation. 


Upon exiting either of the Test Modes, the Link Test 
State Machine will be forced into the Link Fail state. 


RXPOL may be pulled LOW and receive polarity correc- 
tion will be disabled. 


TPEX Plus External Components 


Figure 1 shows a typical twisted pair port external com- 
ponents schematic. The resistors used should have a 
+1% tolerance to ensure interoperability with 10BASE-T 
compliant networks. The filters and pulse transformers 
are necessary devices that have a major influence on 
the performance and compliance of a TPEX Plus based 
MAU. Specifically, the transmitted waveforms are heav- 
ily influenced by filter characteristics and the twisted pair 
receivers employ several criteria to continuously moni- 
tor the incoming signal’s amplitude and timing charac- 
teristics to determine when and if to assert the internal 
carrier sense. For these reasons, it is crucial that the val- 
ues and tolerances of the external components be as 
specified. Several manufacturers produce a module 
that combines the functions of the transmit and receive 
filters and the pulse transformers into one package. 
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. ef 
1:1 | TD+ 


XMIT 
Filter 


Am79C100 
TPEX Plus 


Twisted Pair 
Cable 


Module 16511B-015B 


The Filter/Transformer Module shown is available from the following manufacturers: 


Belfuse TDK 
Pulse Engineering PCA 
Valor Electronics Nano Pulse 


Figure 1. Typical Twisted Pair Port External Components — 
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AUI — Attachment Unit Interface 
DTE — Data Terminal Equipment 
MAU — Media Access Unit 


Local Local Am7990 Am7992B - Am79C100 
CPU Memory Lance SIA _ Transceiver 


Pe po ee eee te ee ee 


16511A-016A 
Figure 2. Typical Twisted Pair Ethernet Node 
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Station/DTE | Repeater 


Loopback Loopback 
Test Mode Test Mode 
Note 1 Note 1 


RCV HixpsTxP+ 


, XMT = =COL RCV ErxpestxPs 


Cl+ 


, TEST1 


TESTIS SOFTEST TEST1 TEST2 SOETEST 


HIGH HIGH LOW HIGH HIGH HIGH 


Note: 16511A-004A 


1. During Loopback, the COL pin does not indicate collision, but instead provides indication of 
TXD+/TXP+ activity. For details, refer to the section titled “Test Modes.” 


Figure 3. Am79C100 TPEX Plus Loopback Operation 
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ANLG +5 V 


Ge ene eee I 
i : i 0.1 pF 
Optional 0.01 pF 
a aes 1 
a2 pau ake 
AUI Pulse ANLG GND Filter and 
Connector Transformer AVDD- AVSS eG Transformer Ras 
Module 
eae 7 <2 os a at “ 
; ~ TXP 
3 = 768.001 | Filter 
in Es rite 
Filter 
Am79C100 
ae ae, Ss |__| SQE TEST 
Optional 
~-~-~—~~ Enable Heartbeat_ _ _! 
DGTL +5 V 
ANLG +5 V = 
! 
i 
1 
x PWDN/RST : 
DVDD DVSS i Optional t 
DGTL +5 V Eng ea eg te ee GY TG Oe hg ey ed ge eg a he 
16511B-005B 
Notes: 
"1. Compatible filter modules, with a brief description of package type 0.1pF 


and features are included in Table 1 of this section. 
2. The resistor values are recommended for general purpose use, and should 


allow compliance to the 10BASE-T specification for template fit and jitter 4.7pF 
performance. However, the overall performance of the transmitter is also 
affected by the transmit filter configuration. DGTL GND 


3. Compatible AUI transformer modules, with a brief description of package type 
and features are included in Table 2 of this section. 


Figure 4. Am79C100 Stand Alone MAU System Application 
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Table 1. TPEX Plus Compatible Media Interface Modules 7 : 


Description 
A556-2006-DE 16-pin 0.3” DIL Transmit and receive filters and transformers 
0556-2006-00 /44-pinsiP | Transmit and receive filters and transformers 


Bel Fuse 0556-2006-01 14-pin SIP Transmit and receive filters, transformers and 
common mode chokes 


Valor Electronics PT3877 16-pin 0.3” DIL Transmit and receive filters and transformers 
Valor Electronics PT3983 | 8-pin 0.3” DIL Transmit and receive common mode chokes 


Valor Electronics | FL1012 16-pin 0.3” DIL Transmit and receive filters and transformers, 
transmit Common mode choke 

Nano pulse NP6612 16-pin 0.3” DIL Transmit and receive filters, transformers and 
common mode chokes 


NP6581 | 8-pin 0.3” DIL Transmit and receive common mode chokes 


Nano pulse NP6696 24-pin 0.6” DIL Transmit and receive filters, transformers and 
| | common mode chokes 
TLA 470 Transmit and receive filters and transformers 


TDK HIM3000 24-pin 0.6” DIL Transmit and receive filters, transformers and 
| common mode chokes 


Pulse Engineering PE65421 16-pin 0.3” DIL Transmit and receive filters and transformers | 
Pulse Engineering | SUPRA 1.1 16-pin 0.5” DIL Transmit and receive filters and transformers, 
| | | transmit common mode choke 
Bel Fuse 0556-6392-00 16-pin 0.5” DIL Transmit and receive filters, transformers, and 
| | common mode chokes a 


Table 2. Am79C100 TPEX Plus Compatible AUI Transformers 


Package | Description =~ 


Pulse Engineering PE64106 16-pin0.3” DIL | 50 pH | 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature: —65 to +150°C Commercial (C) Devices 
Ambient Temperature Under Bias: 0 to +70°C Temperature (Ta): 0 to +70°C 
Supply Voltage to AVss or DVss | pian can eller pele 
(AVop, DVop): 0.3 to +6V AVss-0.5 V < Vin < AVpp + 0.5 V, or 
DVss—0.5 Vs Vin < DVpp +0.5 V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS over COMMERCIAL operating range unless otherwise specified 


Parameter 
Symbol Parameter Description Test Conditions 


Digital Input Voltage 


| Vu | ImputLowVoltage | 
| Vi | InputHiGHvottage | | 


Digital Output Voltage 


VoL Output LOW Voltage lo. = 12 mA (Open Drain) V 
(XMT, RCV, COL, LNKST 
and RXPOL 


Digital Input Leakage Current | 


Niet Input Leakage Current DVss < Vin < DVpp 10 LA 
(PRDN/RST) _ 


lito Input Leakage Current DVss < Vin < DVpp yA 
(LNKST/RXPOL, 
output inactive) : 
Digital Output Leakage Current 
LA 


| lotb Output Leakage Current DVss < Vin < DVpp 10 
(XMT, RCV, COL) | | 
| _laxo _ | _Input Current at DO+, DO- AVss < Vin < AVop | -500_ | 500 | wpA | 
VAICM DO+ Open Circuit Input lIin=OV AVpp -3.0 | AVpp —1.0 V 
Common Mode Voltage (Bias) 
VaIpv Differential Mode Input Avop = +5 V 42.5 V 
Voitage Range (DO+) 
DOr SquelchThreshoid | SSC «YC | 
DO+ Switching Threshold _| (Note 1) 35 85m 


VAOD Differential Output Voltage Ri = 78 Q mV 
|(DI+)—(DI-)]| OR |(Cl+)—(CI-)| | | 
Vaopi Dit & Cl+ Ri = 78 Q +25 mvV 
Differential Output (Note 1) 
Voltage Imbalance | 
VaopOFF Dit & Cl+ Ri = 78Q —40 , +40 | mV | 
Differential Idle Output Voltage 
lAODOFF Dit & Cl+ Ri = 78 Q |} mA 
Differential Idle Output Current | (Note 1) ! | 
VAOcM Dit & Clt Common Ri = 78 Q AVop V 
Mode Output Voltage 
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DC CHARACTERISTICS (Continued) 


Parameter | 
Symbol Parameter Description Test Conditions 


ge 
> 
= 
=] 


Twisted Pair interface 


Input Current at RXD+ AVss < Vin < AVop 


RXD+ Differential Input (Note 1) 
Resistance 
VTivB RXD+, RXD— Open Circuit lin=OmA Avop -3.0 | Avon -1.5 
Input Voltage (Bias) | | | 
VTipv Differential Mode Input AVop = +5 V -3.1 
Voltage Range (RXD+) | 
VTsa+ RXD Positive Sinusoid 
Squelch Threshold (Peak) 5 MHz <f < 10 MHz 
VTsa- RXD Negative Sinusoid 
Squelch Threshold (Peak) 5 MHz < f< 10 MHz 
VTHS+ RXD Post-Squelch Positive Sinusoid 
Threshold (Peak) 5 MHz < f< 10 MHz 


VTHs- RXD Post-Squelch Negative Sinusoid 
Threshold (Peak). 
ViTsa+ RXD Positive LRT = LOW 
Squelch Threshold (Peak) 
LRT = LOW 


[é¥) 
~ 


293 


—150 
5 MHz < f< 10 MHz 


175 


VLTsa- RXD Negative 
| Squelch Threshold (Peak) 
VLTHS+ RXD Post-Squelch Positive LRT = LOW 
Threshold (Peak) 
VLTHs- RXD Post-Squelich Negative LRT = LOW —175 
Threshold (Peak) ss 


VaxotH | RXD Switching Threshold (Note 1) 60 | 


VTXH. TXD+ and TXP+ DVss = 0 V DVpp —0.6 
Output HIGH Voltage (Note 2) 


VIXL TXD+ and TXP+ DVss = +5 V _ DVss 
Output LOW Voltage (Note 2) | 
Vrxi TXD+ and TXP+ Differential 40 | 
Output Voltage Imbalance 
—40 


< 


DVpp 


DVss + 0.6 


Vixorr =| TXD+ and TXP+ DVpp = +5 V | 
Idle Output Voltage | 
RTx _ TXD+ and TXP+ Differential (Note 1) 
Driver Output Impedance 
REXT Input Current at REXT Pin Rext = 24.3 kQ 41% 


AVop = +5 V 
Power Supply Current 


Power Supply Current PRDN/RST = HIGH 
(Idle) DVop = AVop = +5 V | 


xic 


ai 


Power Supply Current PRDN/RST = LOW 
(Transmitting—No TP load) 
Power Supply Current PRDN/RST = HIGH 
(Transmitting—with TP load) DVpp = AVpp = +5 V 
IDDPRDN Power Supply Current PRDN/RST = LOW 
___|_in Power Down Mode | 


Notes: 
1. Parameter not tested. 
2. Uses switching test load. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges 


Parameter 
Symbol Parameter Description Test Conditions 


Transmit Timing 


tpwoDdo DO Pulse Width Accept/ Vpo > |Vasa max. | 
Reject Threshold (Note 3) 


DO Pulse Width Maintain/ Vpo > |Vasa max.| 
Turn-Off Threshold (Note 4) 


Transmit Start Up Delay 
Transmit Static Propagation 
Delay (DO+ to TXD+) 

Transmit End Transmit Delimiter 
Transmitter Rise Time 

(10% to 90%) 

Transmitter Fall Time 

(90% to 10%) 


Transmitter Rise and Fall 


Time Mismatch 


DO T to TXD+ T Steady State trsp — 1.0 trsp + 1.0 
and TXD-— J Delay (Note 1) | 
tTLD DO J to TXD+ J Steady State trso— 1.0 | trso + 1.0 
and TXD-— 7 Delay (Note 1) 
trHDP DO T to TXP+ J Steady State ttsp + 40 ttsp + 60 
and TXP- T Delay (Note 1) 


tTLoP DO J to TXP+ T Steady State tTsp + 40 tTsp + 60 
and TXP- J Delay (Note 1) 


XMT Asserted Delay 


OFF XMT De-asserted Delay 


tPERLP Idle Signal Period 
Link Beat Pulse Width Note 1) 


a 
ween 


450 
4 


# 


tTON 
tTsD 
tTETD 
trr 
tTF 
tTHD 


3 


NS 

on 
NO 
FS 


-~ 


tPwPLP Predistortion Idle Link Note 1) 
Beat Width 
tA Transmit Jabber 
Activation Time 
R Transmit Jabber 
Reset Time 


—_ 
on 
© 


tu 


Transmit Jabber 
Recovery Time (Minimum time 


tUREC (Note 1) 
gap between transmitted 
packets to prevent jabber . 
activation) 


tDODION DO to DI Startup Delay 


toopisp DO to DI Static Propagation 
Delay 


mg 


300 


“SJ 
oi 
oO 
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SWITCHING CHARACTERISTICS (Continued) | 


RXD Pulse Width Maintain/ Vin >VTHs min. 
Turn-Off Threshold (Note 5) 


Receiver Start Up Delay Tested with 5 MHz , 200 
(RXD to Dit) Sinusoid | | 
Receiver Static Propagation 

Delay (RXD+ to Di+) | 


DI End of Transmission 


RXD + T to Di+ T | (Note 1) : 
| and Di- J Delay 


| 200 
and DI-T Delay 
Di+, DI-, Cl+, Cl Rise Time a 
|_tron-50_| tron + 100_| 
tRCVOFF RCV De-asserted Delay 


{CON Collision Turn-On | | 
| Delay (Cit 
tCOFF Collision Turn-Off 
| Delay (Cl+) | | | 
| tren | Collision Period (Cl) 


Collision Output Pulse Width 
Cl 


| tsaeo__| SQE Test Delay Time are 


= 
D 
g 
+ | Oo 
) . 
on 


(10% to 90%) 


(10% to 90%) 


| Dit and Cl Rise and Fall | | 
a Time Mismatch (trr — trF) 


RCV Asserted Delay 


SQE Test Length 
COL Asserted Delay 
COL De-asserted Delay 


Notes: 
1. Parameter not tested. 
. Uses switching test load. 


m 


2 
3. DOpulses narrower than tpwopo (min) will be rejected; pulses wider than tpwoDo (max) will turn internal DO carrier sense on. 
4 


. DO pulses narrower than tpwkbo (min) will maintain internal DO carrier sense on; pulses wider than tPpwKDO (max) will turn 
internal DO carrier sense off. 


5. RXD pulses narrower than tpwKRb (min) will maintain internal RXD carrier sense on; pulses wider than tpwKRD (max) will turn 
internal RXD carrier sense off. 
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SWITCHING TEST CIRCUITS 


DVob 


TXP+ 
TXP- 


TXD+ 
TXD-— 


Test Point Test Point 


Includes test 
jig capacitance 


Includes test 
jig capacitance 


DVss DVss 
16511A-006A 16511A-007A 


Twisted Pair Transmit Test Circuit 


AVopb 
52.3 Q 
Di+ 
DI- Test Point 
Cl+ 
Cl- 50 pF °454Q 
AVss 


1651 1A-008A 


AUI Transmit Test Circuit 
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SWITCHING TEST WAVEFORMS 


tpwoDOo 


DO+ 
Yasq(min) 
Vasaimax) 


TXD+ 


TXD- 


TXP- 


'XMTOFF 


tpopisD 


Transmit Timing 16511A-009A 


110s 7 
TXP+ 
TXD- 


- a 


Transmit Link Beat Pulse. | 16511A-010A 
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'PWKRD 'PWKRD 
aA ps 3 A A fi ua 
RX: fF \ | VV YW\/\/f \ jf ™ 
LJ __] Way | nw ee L__Jh “sa- 
'RHD ‘RR RF 'RETD 
Di+ \ 
'RF 
Di- \ 


Receive Timing 16511A-011A 
Visa+ 
Vins 
RXD+t 
Viis- 
Visa 
Visas 
VitHs+ 
RXD+ V 
— “LTHS- 
Vitsa- 
16511A-012A 


Receive Thresholds 
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DO+ 


RXD+ 


ee 'CON a— 'COFF 


Cl+ 


Cl | : 
‘COLON |< -»| Ps tcpw—p LaetopeR 'COLOFF—pm| 
COL | | 


16511A-013A 
Collision Timing 


DO+t 


16511A-014A 
SQE Test Timing 
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Am79C980 


Integrated Multiport Repeater (IMR) 


at 


Advanced 
Micro 
Devices 


DISTINCTIVE CHARACTERISTICS 


m CMOS device features high integration and 
low power with a single +5 V supply 


m Repeater functions conform to IEEE 802.3 
Repeater Unit specifications 


m@ Eight integral 1OBASE-T transceivers utilize 
the required pre-distortion transmission 
technique 

m@ Attachment Unit Interface (AU!) port allows 
connectivity with 10BASE5 (Ethernet) and 
10BASE2 (Cheapernet) networks, as well as 
Fiber Optic Inter-repeater Link (FOIRL) - 
segments 

m@ On board PLL, Manchester encoder/decoder, 
and FIFO 


™ Expandable to increase number of repeater 
ports 


m@ All ports can be separately isolated 
(partitioned) in response to excessive 
collision conditions or fault conditions 


GENERAL DESCRIPTION 


The Integrated Multiport Repeater (IMR) is a VLSI cir- 
cuit that provides a system level solution to designing a 
compliant 802.3 repeater incorporating 10BASE-T 
transceivers. The device integrates the Repeater func- 
tions specified by section 9 of the IEEE 802.3 standard 
and Twisted Pair Transceiver functions conforming to 
the 10BASE-T standard. The Am79C980 provides eight 
integral Twisted Pair Medium Attachment Units (MAUs) 
and an Attachment Unit Interface (AUI) port in an 84-pin 
Plastic Leaded Chip Carrier (PLCC). 


A network based on the 10BASE-T standard uses un- 
shielded twisted pair cables, therefore providing an 
economical solution to networking by allowing the use of 
existing telephone wiring. 


m™ Network management and optional features 
are accessible through a dedicated serial 
management port 


@ Twisted Pair Link Test capability conforming 
to the 10BASE-T standard. The receive Link 
Test Function can be optionally disabled 
through the management port to facilitate 
interoperability with devices that do not 
implement the Link Test Function 


m@ Programmable option of Automatic Polarity 
Detection and Correction permits automatic 
recovery due to wiring errors 

m@ Full amplitude and timing regeneration for 
re-transmitted waveforms 


m@ Preamble loss effects eliminated by deep FIFO 


The total number of ports per repeater unit can be in- 
creased by connecting multiple IMR devices through 
their expansion ports, hence minimizing the total cost 
per repeater port. Furthermore, a general purpose At- 
tachment Unit Interface (AUI) provides connection ca- 
pability to 1O0BASE-5 (Ethernet) and 10BASE-2 
(Cheapernet) networks, as well as Fiber Optic Inter-re- 
peater Link (FOIRL) segments. Network management 
and test functions are provided through TTL compatible 
1/O pins. 


The device is fabricated in CMOS technology and re- 
quires a single +5 V supply. 


Publication# 14396 Rev. C Amendment/0 
issue Date: January 1992 
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BLOCK DIAGRAM 
DI 
AUI 
0 Pon eed FIFO 
DO 7 | 
RXD 
TP 
TXD oo 
TXP 
e Encoder 
e faced 
e 
RXD oe 
DN a | 
Tp a IMR 
TXD Port Control eT 


Partitioning 
Link Test 


, a 
x2 Gen and 


me) 
m 
i 
" 


Timers | Management 
Port 


Description 
32-Bit Integrated Local Area Communications Controller (ILACC) 
Local Area Network Controller for Ethernet (LANCE) 

Serial Interface Adapter (SIA) 

Twisted Pair Ethernet Transceiver (TPEX) 

IEEE 802.3/Ethernet/Cheapernet Transceiver 


Am7997 IEEE 802.3 Compliant Tap Transceiver 


Expansion Port 


STR 
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CONNECTION DIAGRAM 


PLCC 
+ , + . + un to 4 + 1. + » +e + 
4.4,88885888888888SS8 a 
Oo qgqoandntataaadadaedaedtate a@aqaaadcece 
TNO Fr rn rd PM Po Oy FAP Pr 
po- [1] 12 33 74 [_] RXD7- 
DO+ Lj 13 73 |_| TXD7+ 
TXDo+ [J 14 72 {_] TXD7- 
TxDo- F] 15 11 DVss 
DVsg LJ 16 70 |__} TXP7+ 
TXP0+ L_} 17 69 |_| TXP7- 
TXPo- L_} 18 68 [_] DVpp 
DVpp L_} 19 67 |_| TXD6+ 
TXD1+ [_] 20 66 [__] TXD6- 
TXD1-£_] 21 IMR 65 |_| TXP6+ 
TXP14 [_] 22 Am79C980 64 ["_] TXP6- 
TXP1- [LJ 23 63 [__] TXD5+ 
TXD2+L_] 24 62 |_}| TXD5- 
TXD2- LJ 25 61 {J TXP5+ 
TXP2+ L_] 26 60 |_| TXP5- 
TXP2- [_] 27 59 [__] DVpp 
DVpp | {28 58] | TXD4+ 
TXD3+ | |] 29 57 [_] Txpa4- 
TXD3- [_] 30 56 [| DVss 
DVss L} 31 55 [_] TXP4+ 


- TXP3+4 LJ 32 


54 |_] TXP4- 


14396C-001B 
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LOGIC SYMBOL 


| Twisted Pair 
Ports 


AUI (8 Ports) 


Am79C980 
Management 
Port ! | 


Expansion 
Port 


Port 
Activity 
Monitor 


Management Expansion 


Port Port 
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LOGIC DIAGRAM 


Twisted Pair Twisted Pair 
Port 0 Port 7 


14396-002A 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 


Lt OPTIONAL PROCESSING 


formed by a combination of: 


AM79C980 


DEVICE NUMBER/DESCRIPTION 


Am79C980 


Integrated Multiport Repeater (IMR) 


Valid Combinations 
AM79C980 


PRELIMINARY 
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Blank = Standard Processing 


TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 


PACKAGE TYPE 


J = 84-Pin Plastic Leaded Chip Carrier (PL 084) 


SPEED OPTION 
Not Applicable 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo- 
cal AMD sales office to confirm availability of specific 
valid combinations or to check on newly released 
combinations, and to obtain additional data on 
AMD’s standard military grade products. 
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PIN DESCRIPTION 


ACK 

Acknowledge 

Input, Active LOW 

When this input is asserted, it signals to the requesting 
IMR that it may control the DAT and JAM pins. If the IMR 
is not requesting control of the DAT line (REQ pin 
HIGH), then the assertion of the ACK signal indicates 
the presence of valid collision status on the JAM or valid 
data on the DAT line. 

AVop 

Analog Power 

Power Pin 

These pins supply the +5 V to the RXD+/- receivers, the 
Dl+/- and Cl+/- receivers, the DO+/- drivers, the internal 
PLL, and the internal voltage reference of the IMR. 
These power pins should be decoupled with a 47 uF 
capacitor and kept separate from other power an 
ground planes. 
AVss 

Analog Ground 

Ground Pin 


These pins are the 0 V reference for AVpp. 


COL 

Expansion Collision 

Input, Active LOW 

When this input is asserted by an external arbiter, it 
signifies that more than one IMR is active and that each 
IMR_ should generate. Collision Jam Sequence 
independently. 

Cl+, Cl- 

Control In 

Input 

AUI port differential receiver. 


CRS 

Carrier Sense 

Output 

The states of the internal carrier sense signals for the 
AUI port and the eight twisted pair ports is serially output 
on this pin continuously. The output serial bit stream is 
synchronized to the X: clock. 

DAT 

Data 

Input/Output 


When there is a single IMR active (in a multiple IMR de- 
sign), the IMR with both REQ and ACK pins asserted 
drives the DAT line with NRZ data. The pin is an input 
when only the ACK signal is asserted, and is in a high 
impedance state if neither REQ or ACK is asserted. 
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Di+, Dl- 

Data In 

Input 

AU! port differential receiver. 
DO+, DO- 

Data Out 

Output 

AUI port differential driver. 
DVpbp 

Digital Power 

Power Pin 


These pins supply the +5 V to the logic portions of the 
IMR and the TXP+/-, TXD+/-, and DO+/- line drivers. 


DVss 

Digital Ground 

Ground Pin 

These pins are the 0 V reference for DVpp. 


DVooPin#| DVesPin# [Function] 


196 | Te ports 081 atvers 
2st | TR ports 2 & 3 drivers 


5986 | TP ports 4 & Sarivers 
68 TP ports 6 & 7 drivers 


JAM 

Jam 

Input/Output 

This pin is an output on the single active IMR (REQ and 
ACK both asserted). The active IMR drives the JAM pin 
HIGH to indicate that it is in a Collision state. The pin is 
an input when only the ACK signal is asserted, andis in 
a high impedance state if neither REQ or ACK is 
asserted. 


REQ 

Request 

Output, Active LOW 

This pin is driven LOW when the IMR is active. An active 
IMR is defined as an IMR which has one or more ports 
receiving or colliding or is in the state where it is still 
transmitting data from the internal FIFO. The assertion 
of this signal signifies that the IMR is requesting the use 


of the DAT and JAM lines for the transfer of repeated 


data or collision status to other IMRs. 
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RST 

Reset 

Input, Active LOW 

Driving this pin LOW resets the internal logic of the IMR. 
Reset should be synchronized to X:1 clock if either ex- 
pansion or port activity monitor is used. 

RXD +0-7, RXD-o_7 

Receive Data 

Input 

10BASE-T port differential receive inputs (8 ports). 


SCLK 

Serial Clock 

Input 

Serial data (input or output) is clocked (in or out) on the 
rising edge of the signal on this pin. 

SI 

Serial In 

Input 

Test/Management serial input port. Management com- 
mands are clocked in on this pin synchronous to the 
SCLK input. 

SO 

Serial Out 

Output 

TestdVanagement serial output port. Management 
results are clocked out on this pin synchronous to the 
SCLK input. 

STR 

Store 

Output 


This pin goes HIGH fortwo X:1 clock cycle times after the 
nine carrier sense bits are output on the CRS pin. Note 
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that the carrier sense signals arriving from each port are 
latched internally, so that an active transition is remem- 
bered between samples. The accuracy of the carrier 
sense signals produced in this manner is 10 bit times 
(one microsecond). 

TEST 

Test Pin 

Input, Active HIGH 

This pin should be tied LOW for normal operation. If this 
pin is driven HIGH, then the IMR can be programmed for 
Loopback Test Mode. 

TXD +o-7, TXD-o_7 

Transmit Data 

Output 

10BASE-T port differential drivers (8 ports). 


TXP-+0-7, TXP-o_7 

Transmit Pre-distort 

Output 

10BASE-T transmit waveform pre-distortion control dif- 
ferential outputs (8 ports). 

Xi 

Crystal 1 

Crystal Connection 

The internal clock generator uses a 20 MHz crystal at- 


~ tached to pins X1 and Xa. Alternatively, an external 


20 MHz CMOS clock signal can be used to drive this pin. 


X2 

Crystal 2 

Crystal Connection 

The internal clock generator uses a 20 MHz crystal at- 


tached to pins X1 and Xo. If an external clock source is 
used, this pin should be left unconnected. 
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FUNCTIONAL DESCRIPTION 


The Am79C980 Integrated Multiport Repeater is a sin- 
gle chip implementation of an IEEE 802.3/Ethernet 
repeater or hub. In addition to the eight integral 
10BASE-T ports plus one AUI port comprising the basic 
repeater, the IMR also provides the hooks necessary for 
complex network management and evaluation. The 
IMR is also expandable, enabling the implementation of 
repeaters based on several IMRs. 


The IMR complies with the full set of repeater basic func- 
tions as defined in section 9 of ISO 8802.3 (ANSI/IEEE 
802.3c). These functions are summarized below. 


Repeater Function 


If any single network port senses the start of a valid 
packet on its receive lines, then the IMR will re-transmit 
the received data to all other enabled network ports. The 
repeated data will also be presented on the DAT line to 
facilitate multiple-IMR repeater applications. 


Signal Regeneration 


When re-transmitting a packet, the IMR ensures that the 
outgoing packet complies to the 802.3 specification in 
terms of preamble structure, voltage amplitude, and tim- 
ing characteristics. Specifically, data packets repeated 
by the IMR will contain a minimum of 56 preamble bits 
before the Start of Frame Delimiter. In addition, the volt- 
age amplitude of the repeated packet waveform will be 
restored to levels specified in the 802.3 spec. Finally, 
signal symmetry is restored to data packets repeated by 
the IMR, removing jitter and distortion caused by the 
network cabling. 


Jabber Lockup Protection 


The IMR implements a built-in jabber protection scheme 
to ensure that the network is not disabled due to trans- 
mission of excessively long data packets. This protec- 
tion scheme will automatically interrupt the transmitter 
circuits of the IMR for 96 bit times if the IMR has been 
transmitting continuously for more than 65,536 bit times. 


Collision Handling 


The IMR will detect and respond to collision conditions 
as specified in 802.3. A multiple-IMR repeater imple- 
mentation also conforms to the 802.3 spec due to the in- 
ter-IMR status communication provided by the expan- 
sion port of the IMR. Specifically, a repeater based on 
one or more IMRs will handle the transmit collision and 
one-port-left collision conditions correctly as specified in 
section 9 of the 802.3 spec. 
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Fragment Extension 


If the total packet length received by the IMR is less than 
96 bits, including preamble, the IMR will extend the re- 
peated packet length to 96 bits by appending a Jam se- 
quence to the original runt packet. 


Auto Partitioning/Reconnection 


Any of the integral TP ports and AUI port can be parti- 
tioned under excessive duration or frequency of colli- 
sion conditions. Once partitioned, the IMR will continue 
to transmit data packets to a partitioned port, but will not 
respond (as a repeater) to activity on the partitioned 
port’s receiver. The IMR will monitor the port and recon- 
nect it once certain criteria indicating port ‘wellness’ are 
met. The criteria for reconnection are specified by the 
802.3 standard. In addition to the standard reconnection 
algorithm, the IMR implements an alternative reconnec- 
tion algorithm which provides a more robust partitioning 
function for the TP ports and/or the AUI port. Each TP 
port and the AUI port are partitioned and/or reconnected 
separately and independently of other network ports. | 


Either one of the following conditions occuring on any 
enabled IMR network port will cause the IMR to partition 
that port: 


a. A collision condition exists continuously for a time 
between 1024 and 2048 bit times (AUI port - SQE 
signal active; TP port — simultaneous transmit and 
receive) . 


b. Acollision condition occurs during each of 32 con- 
secutive attempts to transmit to that port. 


Once a network port is partitioned, the IMR will recon- 
nect that port if the following is met: 


a. (Standard reconnection algorithm) A data packet 
longer than 488 bit times (nominal) is transmitted or 
received by the partitioned port without a collision 


b. (Alternate reconnection algorithm) A data packet 
longer than 488 bit times (nominal) is transmitted by 
the partitioned port without a collision 


The reconnection algorithm option (standard or alter- 
nate) is a global function for the TP ports, i.e. all TP ports 
use the same reconnection aigorithm. The AUI recon- 
nection algorithm option is programmed independently 
of the TP port reconnection option. 
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Link Test 


The integral TP ports implement the Link Test function 
as specified in the 802.3 10BASE-T standard. The IMR 
will transmit Link Test pulses to any TP port after that 
port’s transmitter has been inactive for more than 16 mil- 
liseconds (nominal). Conversely, if a TP port does not 
receive any data packets or Link Test pulses for more 
than 50 to 150 milliseconds and the Link Test function is 
enabled for that port then that port will enter link fail 
state. A port in link fail state will be disabled by the IMR 
(repeater transmit and receive functions disabled) until it 
receives either four consecutive Link Test pulses or a 
data packet. The Link Test receive function itself can be 
disabled via the IMR management port on a port-by-port 
basis to allow the IMR to interoperate with pre- 
10BASE-T twisted pair networks that do not implement 
the Link Test function. This interoperability is possible 
because the IMR will not allow the TP port to enter link 
fail state, even if no Link Test pulses or data packets are 
being received. Note however that the IMR will always 
transmit Link Test pulses to all TP ports regardless of 
whether or not the port is enabled, partitioned, in link fail 
state, or has its Link Test receive function disabled. 


Polarity Reversal 


The TP ports have the optional (programmable) ability 
to invert (correct) the polarity of the received data if the 
TP port senses that the received data packet waveform 
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polarity is reversed due to a wiring error. This receive 
circuitry polarity correction allows subsequent packets 
to be repeated with correct polarity. This function is exe- 
cuted once following reset or link fail, and has a pro- 
grammable enable/disable option on a port-by-port 
basis. This function is disabled upon reset and can be 
enabled via the IMR Management Port. 


Reset 


The IMR enters reset state when the RESET pin is driven 
LOW. The RESET pin should be held LOW for a mini- 
mum of 150 ps (3000 X1 clock cycles). This allows the 
IMR to reset the internal logic and permits the internal 
PLL to stabilize. During reset, the output signals are 
placed in their inactive states. That is, all analog signals 
are placed in their idle states, all bidirectional signals are 
not driven, active LOW signals are driven HIGH, and all 
active HIGH signals are driven LOW. 

In a multiple IMR repeater the RESET signal should be 
applied simultaneously to all IMRs and should be 
synchronized to the external Xi CLOCK. Reset synchro- 
nization is also required when accessing PAM (Port 
Activity Monitor). 

SI should be held HIGH for at least 500 ns following the 
rising edge of RST. 

The following table summarizes the state of the IMR 
following reset. 


Table 1. IMR after Reset 


| Function 


State after Reset 


AUI Partitioning/Reconnection Algorithm STANDARD ALGORITHM 
TP Port Partitioning/Reconnection Algorithm STANDARD ALGORITHM 
Link Test Function for TP Ports ENABLED, TP PORTS IN LINK FAIL 


Automatic Receiver Polarity Reversal Function 


Expansion Port 


The IMR Expansion Port is comprised of five pins; two 
are bi-directional signals (DAT and JAM), two are input 
signals (ACK and COL), and one is an output signal 
(REQ). These signals are used when a multiple-IMR re- 
peater application is employed. In this configuration, all 
IMRs must be clocked synchronously with a common 
clock connected to the X1 inputs of all IMRs. 


DISABLED 


The IMR expansion scheme allows the use of multiple 
IMRs in a single board repeater or a modular multiport 
repeater with a backplane architecture. As many as 
three IMRs can be connected together without using ex- 
ternal bus transceivers. The DAT pin is a bidirectional 
I/O pin which can be used with external bus transceivers 
to transfer data between the IMRs in a multiple-IMR 
design. The data sent over the DAT line is in NRZ format 
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and is synchronized to the common clock. The JAM pin 
_ is another bidirectional I/O pin that is used by the active 
IMR to communicate its internal status to the remaining 
(inactive) IMRs. When JAM is asserted HIGH, it indi- 
cates that the active IMR has detected a collision condi- 
tion and is generating Jam Sequence. During this time 
when JAM is asserted HIGH, the DAT line is used to in- 
dicate whether the active IMR is detecting collision on 
one port only or on more than one port. When DAT is 
driven HIGH by the IMR (while JAM is asserted by the 
IMR), then the active IMR is detecting a collision condi- 
tion onone port only. This ‘one-port-left’ signaling is nec- 
essary for a multiple-IMR repeater to function correctly 
as a single multiport repeater unit. The IMR also signals 
the ‘one port left’ collision condition in the event of a runt 
packet or collision fragment; this signal will continue for 
one expansion po port bus cycle (100 nanoseconds) before 
deasserting REQ. 


The arbitration for access to the bussed bi-directional 
signals (DAT and JAM) is provided by one output (REQ) 
and two inputs (ACK and COL). The IMR asserts the 
REQ pin to indicate that it is active and wishes to drive 


the DAT and JAM pins. An external arbiter senses the 


REQ lines from all the IMRs and asserts the ACK line 
when one and only one IMR is asserting its REQ line. If 
more than one IMR is asserting its REQ line, the arbiter 
must assert the COL signal, indicating that more than 
one IMR is active. More than one active IMR at atime 
constitutes a collision condition, and all IMRs are noti- 
fied of this occurence via the COL line of the Expansion 
Port. 


Note that a transition from multiple IMRs arbitrating for 
the DAT and JAM pins (with COL asserted, ACK deas- 
serted) to a condition when only one IMR is arbitrating 


for the DAT and JAM pins (with ACK asserted, COL 


deasserted) involves one expansion port bus cycle (100 


nanoseconds). During this transitional bus cycle, COL is 
deasserted, ACK is asserted, and the DAT and JAM 
pins are not driven. However, each IMR will remain in 
the collision state (transmitting jam sequence) during 
this transitional bus cycle. In subsequent expansion port 
bus cycles (REQ and ACK still asserted), the IMRs will 
return to the ‘master and slaves’ condition where only 
one IMR is active (with collision) and is driving the DAT 
and JAM pins. An understanding of this sequence is cru- 
Cial if non-IMR devices (such as an Ethernet controller) 
are connected to the expansion bus. Specifically, the 
last device to back off of the expansion bus after a multi- 
IMR collision must assert the JAM line until it too drops 
its request for the expansion bus. 


External Arbiter 


A simple arbitration scheme is required when multiple 
IMRs are connected together to increase the total num- 
ber of repeater ports. The arbiter should have one input 
(REQ1...REQn) for each of the n IMRs to be used, and 
two global outputs (COL and ACK). This function is eas- 
ily implemented in a PAL® device, with the following 
logic equations: 


ACK = REQ1 & REO? & REOS & .... REOn 
+ REQ & REQ2 & REQS @ ....REQn 
@ 
e@ 
e 
+ REQ1 & REQ? & REGS & .... REQn 
COL = ACK & (REQ1 + REQ2 + REQ3 + ... REQn) 


Above equations are in positive logic, i.e., a variable is 
true when asserted. 

A single PALCE16V8 will perform the arbitration func- 
tion for a repeater based on eight IMRs. 
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COL ARBITER 
CK 


> 


COL Am79C980 
IMR 


Figure 1. Multiple IMRs 
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Bus transceivers needed 
if DAT and JAM buses 
exceed 100 pF loading. 
(Typically 3 IMRs) 
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Modular Repeater Design 


The expansion port of the IMR also allows for modular 
expansion. By sharing the arbitration duties between a 
backplane bus architecture and several separate re- 
‘peater modules one can build an expandable repeater 
based on modular ‘plug-in’ cards. Each repeater module 
performs the local arbitration function for the IMRs on 
that module, and provides signals to the backplane for 
use by a global arbiter. 

Figure 2 shows an expandable repeater based on 3 
modules that each use 3 IMRs. In this design, each 
module provides 24 10BASE-T ports and requires a sin- 
gle PALCE16V8-15 to perform the local arbitration func- 
tion. The backplane portion of the modular repeater con- 
sists only of the global arbiter, also a_ single 
PALCE16V8-15. 


Local Arbiter Logic Equations (for n IMRs per module): 
Rm = REQ1 * REQ2 * REQ3* ... REQn 
+ REQ1 * REQ2 * REQ3* ... REQn 
+ REQ1 * REQ2 * REQ3* ... REQn 


+ REQ1 * REQ2 * REQ3* ... REQn 
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Cm = Rm * (REQ1 + REQ2 + REQ3 +... REQn) 

DIR = Rm * GLOBALACK 
The DIR signal is HIGH when the module drives the DAT 
and JAM backplane bus signals. A single PALCE16V8 
can support up to 8 IMRs per module. 


Global Arbiter Logic Equations (for m modules): 


GLOBALACK 

= Ci * C2* C3* ...Cm* Ri * R2* R3*... Rm 
+ CT *C2*C3*...Cm* RI * R2* R3*... Rm 
+ C1 *C2*C3*...Cm* R1* R2* R3*... Rm 


+C1*C2*C3*...Cm* R1* R2* R3*...Rm 
GLOBALCOL = GLOBALACK * (R1 + R2 +... Rm) 
+ (C1 +C2+C3+... Cm) 
A single PALCE22V10 can perform the global arbitra- 
tion for up to 8 modules. 
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(haan See, 
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Saati el 6 2 
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Module Module Module Arbiter 
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Modular Repeater 


GLOBALCOL ; 
GLOBALACK » 


PE eee ee 
en ak | 
|| Lee. = —> Rm 
LB Sel Oa t em 


z REQ? Arbiter ; 
PALCE16V8 | pip 
J 
A B 1 Note 1 
DAT 
ey 


B Lm JAM 
iE ct 


Connector 
Am79C980 Am79C980 Am79C980 
IMR IMR IMR 
| 2 3 14396C-005B 


Repeater Module with 3 IMRs 
Note 1: 


| Direction | DIR_| 


BoA LOW 
A-B HIGH 


Figure 2. Expandable Modular Repeater 
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In-Band Hub Management 


Because all repeated data in the IMR or multi-IMR de- 
sign is available on the expansion port, all network traffic 
can be monitored by an external Media Access Control- 
ler (MAC) device such as the Am7990 or Am79C900. A 
repeater with such a controller is capable of providing 
extensive Hub Management functions, as well as being 
addressable as a network node. The MAC device can 


Counter 
PALCE22V10 


20 MHz Osc. 


Arbiter 
PALCE16V8 


gather statistics and data concerning the state of the 
hub and the network, and the network addressability al- 
lows a remote Management Station to monitor this sta- 
tistical data and to request actions to be performed by 
the repeater (i.e. port enable/disable). 


Figure 3 shows how to interface a repeater based ontwo 
IMRs to an Ethernet controller such as the Am79C900 
ILACC or the Am7990 LANCE. 


Am7990 LANCE 


” 
as 
O 


COLCLK 


Interface 
PALCE16V8 


RTSCLK 
RCKEN 
ACKCLK 


14396C-033A 


Figure 2. Expandable Modular Repeater 
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ARBITER LOGIC EQUATIONS 
ACK = REQ1 * REQ2* ... REQn* RTS 

+ REQ1* REQ2* ... REQn* RTS 

+ e 

+ REQ1 * REQ2* ... REQn* RTS 

+ REQ1 * REQ2* ... REQn* RTS 

+ REQ1 * REQ2* ... REQn * RTSCLK * ACKCLK * CDT 
ACKCLK := ACK 


COL = ACK * (REQ1 + REQ2 +... REQn + RTS) 


COLCLK := COL 
CDT := 


COL 

+ ACK * ACKCLK * JAM. 
+ COLCLK * ACK 

+ DONE_COUNT * CDT 


XCOL := 
ACK * ACKCLK * JAM * DAT 
+ COL 
+ COLCLK * ACK 


RTSCLK := RTS 


NEW$96 := 
ACK * ACKCLK * CDT 


+ ACK * ACKCLK * JAM * DAT * XCOL 
+ COL * XCOL 
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ACK is asserted when one and only one 
expansion bus request is active 


Term to extend ACK when MAC device finishes 
sourcing data onto expansion bus 


Clock delayed ACK signal (ACK*ACKCLK 
defines first clock period with valid DAT and 
JAM) 


COL is asserted when more than one expansion 
bus request is active 


Clock delayed COL signal 


CDT causes the MAC device to back off/stay off 
the expansion bus 

Arbiter detects collision 

Single IMR collision 

Holds CDT active during dead’ clock cycle 
Maintains CDT (suppresses new MAC requests) 
until 96 bit timeout 


Present transmit collision state 

Ongoing single IMR transmit collision 

Ongoing multiple IMR transmit collision 
Ongoing multiple IMR transmit collision (’dead’ 
clock cycle) 


Clock delayed RTS signal (RTS*RTSCLK 
defines first recognized RTS from MAC) 


Triggers or re-triggers counter (96 bit times) 
New repeater data (start of repeated packet, 
ACK Z with no existing collision) (Trigger only) 
New transmit collision (Single IMR) 

New transmit collision (Multi-IMR) 
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INTERFACE LOGIC EQUATIONS 


DAT.TRST = ACK * ACKCLK * RTSCLK . 


DAT =SYNCDATA * CLK 
+ DAT * CLK 
+ DAT * SYNCDAT 
+ CDT | 


JAM.TRST = ACK * ACKCLK * RTSCLK 


JAM =CDT 
ACKCLK := ACK 


CRS =ACK* ACKCLK * JAM * CDT 


+ RCKEN 


SYNCDATA := 
RTS * DAT * ACK * ACKCLK 
+TXD* RTS 


RXC = RCKEN * CLK 


RCKEN := ACK * ACKCLK * RTS * RTSGLK * JAM 


+ ACK* RTS * CDT 


RTSCLK := RTS 
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Enabled if MAC request gets arbiter ACK 
(delayed) | 

Synchronized and latched MAC data (if enabled) 
guarantees hold time for slave IMRs 


Overriding HIGH if collision exists (if enabled) 


Enabled if MAC request gets arbiter ACK 
(delayed) 
HIGH if collision exists 


Clock delayed ACK signal (ACK*ACKCLK 
defines first clock period with valid DAT 
and JAM) 


Single active IMR or MAC sourcing data | 
Term to extend CRS at end of MAC receive 


Synchronized receive data for the MAC 
Synchronized TxD data for MAC transmit 


Inverted clock for synchronized data for MAC 
receive 


RCLK enabled if non—MAC data transfer (MAC 
is slave device) | 
RCLK enabled on transmit to allow data 
loopback to MAC 


Clock delayed RTS signal (RTS*RTSCLK 
defines first recognized RTS from MAC) 
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COUNTER LOGIC EQUATIONS Upon RESET, the counter is initialized to the 
terminal value of 60H (96), and remains 
there until triggered. If (re)triggered by NEWS96, 
the counter is reset to OOH. The counter will 
count at 10 MHz until it reaches the terminal 
value, and will stop there until triggered. TCK and 
RESET are also generated here. 


TCK := TCK * RESET * ARST Generates TCK for MAC use 

RESET := ARST Synchronizes the async reset 
signal 

QO :=Q0* TCK * DONE COUNT * RESET * NEW96 Toggle if still counting LOW at 
reset, LOW when triggered by 
NEW96 

+ QO * (TCK + DONE_COUNT) * RESET * NEW96 Stop at terminal value 
Qi := Q1* Q0* TCK * DONE_COUNT * RESET * NEW96 _ LOW at reset, LOW when 


ane (re)triggered by NEW96 
+ Q1* (Q0 + TCK + DONE _COUNT) * RESET * NEW96 


Q2. :=Q2* Q1* Q0* TCK * DONE _COUNT* RESET * NEW96 LOW at reset, LOW when 
ee | (re)triggered by NEW96 
+ Q2* (Q1 + QO + TCK + DONE_COUNT) * RESET * NEW96 


Q3 := Q3* Q2* Qi1* Q0* TCK * DONE COUNT * RESET * NEW96 LOW at reset, LOW when 
2 eed (re)triggered by NEW96 
+ Q3 * (Q2 + Q1 + Q0 + TCK + DONE_COUNT) * RESET * NEW96 


Q4 = Q4* Q3* Q2* Q1* Q0* TCK* DONE_COUNT * RESET* NEW96 ~=LOW at reset, LOW when 
ee, ee ee (re)triggered by NEW96 
+ Q4* (Q3 + Q2 + Q1 + QO + TCK + DONE_COUNT) * RESET * NEW96 


Q5 :=Q5* Q4* Q3* Q2* Q1* Q0* TCK * DONE COUNT * NEW96 Toggle if all lower bits HIGH and 
still counting LOW if 
(re)triggered by NEW96 | 
+ Q5* (Q4+Q3 + Q2 + Q1 + Q0 + TCK + DONE_COUNT) * NEW96 Stay if any lower bit is LOW or if 
done counting ” 


+ RESET HIGH at reset 
Q6 := Q6* Q5* Q4* Q3* Q2* Q1* Q0* TCK* DONE_COUNT* NEW96 ~=LOW when (re)triggered by 
NEW96 
+ Q6*(Q5+Q44+ 03 + Q2 + Q1 + Q0 + TCK + DONE_COUNT) * NEW96” 
_ + RESET HIGH at reset 
DONE_COUNT = Q6* Q5 * Q4* Q3* Q2* Q1* Q0 Terminal count (96) 
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The IMR management functions are enabled when the 
TEST pinis tied LOW. The management commands are 
byte oriented data and are input serially on the SI pin. 
Any responses generated during execution of a man- 
agement command are output serially in a byte-oriented 
format by the IMR onthe SO pin. Both the input and out- 
put data streams are clocked with the rising edge of the 
SCLK pin. The serial command data stream and any as- 
sociated results data stream are structured in a manner 
to be compatible with the RS232 serial data format, i.e. 
one Start Bit followed by eight Data Bits. 


The externally generated clock at the SCLK pin can be 
either a free running clock synchronized to the input bit 
patterns or a series of individual transitions meeting the 
setup and hold times with respect to the input bit pattern. 
If the latter method is used, it is to be noted that 20 SCLK 
clock transitions are required for proper execution of 
management commands that produce SO data, and 
that 14 SCLK clock transitions are needed to execute 
management commands that do not produce SO data. 


Management Commands 


The following section details the operation of each man- 
agement command available in the IMR. In all cases, 
the individual bits in each command byte are shown with 
the MSB on the left and the LSB on the right. Data bytes 
are received and transmitted LSB first and MSB last. 
See Table 2 for a summary of the management 
commands. 


AUI Port Disable 


SI data: 00101111 
SO data: None 


The AUI port will be disabled upon receiving this com- 
mand. Subsequently, the IMR will ignore all inputs (Car- 
rier Sense and SQE) appearing at the AU! port and will 
not transmit any data or Jam Sequence on the AUI port. 
Issuing this command will also cause the AUI port to 
have its internal partitioning state machine forced to its 
idle state. 


AUI Port Enable 


SI data: 00111111 
SO data: None 


This command enables a previously disabled AUI port. 
Note that a partitioned AUI port may be reconnected by 
first disabling (AUI Port Disable Command) and then re- 
enabling the port with this command. 
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TP Port Disable 


S| data: 00100bbb 
(bbb is TP port #) 
SO data: None 


The TP port designated in the command byte will be dis- 
abled upon receiving this command. Subsequently, the 
IMR will ignore all inputs appearing at the disabled port’s 
receive pins and will not transmit any data or Jam Se- 


quence on that port’s transmit pins. Issuing this com- 


mand will also cause a TP portto enter the Link Fail state 
and to have its partitioning state machine returned to its 
idle state. 


TP Port Enable 


SI data: 00110bbb 
(b b b is TP port #) 
SO data: None 


This command enables a previously disabled TP port. 
Note that to force a TP port into the Link Fail state and/or 
to reconnect a partitioned TP port, the port can first be 
disabled (TP Port Disable Command) and then re- 
enabled with this command. 


AUI Port Partitioning Status 
Si data; 10001111 
SO data: P0000000 


P = 0 — Partitioned 
P = 1 — Connected 


The Partitioning Status of the AUI port is accessed by 
this command. If a portis disabled, reading its partition- 
ing status will indicate that it is connected. 


TP Port Partitioning Status 
Si data: 10000000 


SO data: P7Pe6PsP4P3P2P: Po 
Pn=0 TP port n partitioned 
Pn =1 TP port n connected 


The Partitioning Status of all eight TP ports are ac- 
cessed by this command. If a port is disabled, reading 
its partitioning status will indicate that it is connected. 


Alternate Reconnection Algorithm (AUI Port) 


SI data: 00011111 
SO data: None 


The AUI port Partitioning/Reconnection scheme can be 
programmed for the alternate (transmit only) reconnec- 
tion algorithm by invoking this command. To return the 
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AUI back to the standard (transmit or receive) reconnec- 
tion algorithm , it is necessary to reset the IMR. 


Alternate Reconnection Algorithm (TP Ports) 


SI data: 00010000 
SO data: None 


The TP ports Partitioning/Reconnection scheme can be 
programmed for the alternate (transmit only) reconnec- 
tion algorithm by invoking this command. All TP ports 
are affected as a group by this command. To return the 
TP ports back to the standard (transmit or receive) re- 
connection algorithm, it is necessary to reset the IMR. 


Link Test Status of TP Ports 


S| data: 11010000 

SO data: L7lelsl4«l3LeLli Lo 

Ln=0 TP Port nin Link Test Fail 
Ln=1 TP Port nin Link Test Pass 


The Link Test Statuses of all eight TP ports are ac- 
cessed by this command. If a twisted pair port is 
disabled, reading its Link Test Status indicates it being 
in Link Test Pass state. Upon reenabling, the port will be 
forced into Link Fail. 


Disable Link Test Function 


SI data: 01000bbb 
(b bb is TP port # ) 
SO data: None 


This command disables the Link Test function at the TP 
port designated in the command byte, i.e. the TP port 
will no longer be disconnected due to Link Test Fail. A 
TP port which has its Link Test function disabled will 
continue to transmit Link Test Pulses. If a twisted pair 
port has Link Test disabled, then reading the Link Test 
Status indicates it being in Link Test Pass. 


Enable Link Test Function 


Si data: 01010bbb 
(b b b is TP port #) 
SO data: None 


This command re-enables the Link Test Function in the 
TP port designated in the command byte. This com- 
mand executes only if the designated TP port has had 


AMD cl 


the Link Test Function disabled by the Disable Link Test 
Function command. Otherwise, the command is 
ignored. 


Polarity Status of TP Ports 


Si data: 11100000 

SO data:: P7 Pe Ps Pa Ps P2 P1 Po 
Pn=0 TP Port n polarity correct 
Py =1 TP Port n polarity reversed 


The statuses of all eight TP port polarities are accessed 
with this command. The IMR has the ability to detect and 
correct reversed polarity onthe TP ports’ RXD+/- pins. If 
the polarity is detected as reversed for a TP port, then 
the IMR will set the appropriate bit in this command's 
results byte only if the Polarity Reversal Function is en- 
abled for that port. 


Enable Automatic Receiver Polarity Reversal 


SI data: 01110bbb 
(6 b bis TP port #) 
SO data: None 


This command enables the Automatic Receiver Polarity 
Reversal Function for the TP port designated in the 
command byte. If enabled ina TP port, the IMR will auto- 
matically invert the polarity of that TP port’s receiver cir- 
Ccuitry if the TP port is detected as having reversed polar- 
ity (due to a wiring error ). After reversing the receiver 
polarity , the TP port could then receive subsequent (re- 
verse polarity) packets correctly. 


Disable Automatic Receiver Polarity Reversal 


SI data: 01100bbb 
(b b b is TP port #) 
SO data: None 


This command disables the Automatic Receiver Polarity 
Reversal Function for the TP port designated in the 
command byte. If this function is disabled on a TP port 
with reverse polarity (due to a wiring error), then the TP 
port will fail Link Test due to the reversed polarity of the 
Link Pulses. If the Link Test Function is also disabled on 
the TP port, then the received reverse polarity packets 
would be repeated to all other network ports in the IMR 
as inverted data. 
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Table 2. Management Port Command Summary 


| Command CT Sata | SO ata 
AUI Port Disable | 00101111 


0 
T atemate Reconnecion Algrthm Te) | ooovoo00 | 
a 


AU Port Enable me. = 


Enable Automatic Receive’ Polar Reversal “| ontop 
[oseble Automatic Receiver Poary Reversal | _orrooop [| 
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Port Activity Monitor : The diagram below shows typical external hardware 
employed to convert the serial bit stream into parallel 
form. The accuracy of the CRS signals is 10 Bit Times 
(BT) (1 microsecond). Specifically, a transition to active 
state by any of the internal carrier sense bits that lasts 
forless than 10BT is latched internally and is used to set 
the appropriate bit during the next sample period. 


Two pins, CRS and STR, are used to serially output the 
State of the internal Carrier Sense signals from the AUI 
and the eight TP ports. This function together with exter- 
nal hardware and/or software can be used to monitor re- 
peater receive and/or collision activity. 


CRS 


Am79C980 
IMR 


CRS 


CRSTP7 
CRSTP6 
CRSTP5 
CRSTP4 
CRSTP3 
CRSTP2_ 
CRSTP1 

_CRSTPO 


GND CRSAUI 


74LS673 


14396-007A 
Single IC Implementation of the SIPO and Output Register. | 


Figure 4a. Port Activity Monitor Implementation 
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(unaltered) to the respective TXD and TXP outputs. 


The IMR can be programmed to enter Loopback Mode 
on all network ports. This is accomplished by first driving 
the TEST pin HIGH, then clocking (using the SCLK pin) 
a minimum of three Os into the SI pin. This causes the 
IMR to loop all received data on each port back to each 
port’s corresponding transmit outputs. Specifically, the 
AUI DI input is passed unaltered to the AUI DO output, 


Only receive data that passes the required amplitude 
squelch criteria is looped back to the transmit outputs. 

Note that the data is looped back unaltered, meaning 
that no signal retiming or regeneration takes place. 
Therefore, any signal distortion present on the receive 
data paths willbe retransmitted. 


The IMR will return to normal operation when the TEST 
pin is again driven LOW. : 


and each RXD input on the twisted pair ports is oui 


oe DANS 
ah 


CRS . / 


CRS AU! CRS TPO /} CRS TP7 a 


STR a ff 


“Externally generated signal illustrates internal IMR clock phase relationship. 


Figure 4b. Port Activity Monitor Implementation (Continued) 


TEST 


Sl 


SCLK 


14396C-008B 


14396-009B 


Figure 5. Programming the IMR for Loopback Mode 


IMR External Components 


_ Fig. 6 shows a typical twisted pair port external compo- 


nents schematic. The resistors used should have a 1% 


tolerance to ensure interoperability with 10BASE-T 
compliant networks. The filters and pulse transformers 
are necessary devices that have a major influence on 


the performance and compliance of the 10BASE-T ports 
of the repeater. Specifically, the transmitted waveforms 
are heavily influenced by the filter characteristics and 
the twisted pair receivers employ several criteria to con- 
tinuously monitor the incoming signal’s amplitude and 
timing characteristics to determine when and if to assert 
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the internal carrier sense. For these reasons, it is crucial 
that the values and tolerances of the external compo- 
nents be as specified. Several manufacturers produce a 
module that combines the functions of the transmit and 
receive filters and the pulse transformers into one 
package. 
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The AUI port, if used in a repeater design, should com- 
ply with IEEE 802.3. This is accomplished through the 
use of standard AUI pulse transformers and drop cable 
termination networks. 


Twisted Pair 


Cable 


Module 14396C-010B 


The Filter/Transformer Module shown is available from the following manufacturers: 


Belfuse TDK 
Pulse Engineering PCA 
Valor Electronics Nano Pulse 


Figure 6a. Typical TP Port External Components 


AUI Connector 


14396C-034A 


Figure 6b. Typical AUI Port Components 


Am79C980 | 1-251 


&1 amo PRELIMINARY 
APPLICATIONS | _ 


VDD 


tae AUI Port 
TAY tePoro 
Site, ee : 
Machine aes & 
(PAL) : Er] TP Port 7 


100 pF | 100 pF 


ae 


+ 0.01% 


— 8-Bit SIPO Shift 
Register and 
LED Driver 


8 Link Test Status LEDs 


Vpp 


14396C-011B 


Note: Unused receiver pairs (DI +/—, Cl +/—, RXDn +/—) should be shorted together. 
Figure 7. Low Cost 10BASE-T Repeater 
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APPLICATIONS (Continued) 


RS232 Port 
fat ea) 
Arbiter PAL 
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AUI Port 1 


TP Port 1 


TP Port 8 


AUI Port 2 


TP Port 9 


TP Port 16 


AUI Port 3 


TP Port 17 


IMR 


re 
Ll 
+ O 
| ie 
[LE __ Am79c9eo 
| ae —} 8 
aa 


TP Port 24 


20 MHz + 0.01% CMOS 
XTAL Oscillator 


14396C-012B _ 


Figure 8. Intelligent Multi-IMR Based Repeater 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES: 
pa uneahcea Under Bi eo — pie Commercial (C) Devices | 
| a re ees ae oe Temperature (Ta) 0 to +70°C 
upply Voltage referenced to | | 5 
AVss or DVss (AVop, DVpp) ~0.3 to +6 V Supply Voltage (AVop, DVop) 9 V to 45% 


Operating ranges define those limits between which the fun- 


Stresses above those listed under ABSOLUTE MAXIMUM. ed oes es 
tionality of the device is guaranteed. 


' RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device reli- 
ability. 


DC CHARACTERISTICS over operating ranges unless otherwise specified | 


Parameter | | 
Symbol Parameter Description Test Conditions 


Digital /O 
Vie tpt LOW Vonage ves se 
| Vm [inputHigHvotage ||| V0.5] VC 
ta Sapa setae _T iota —_}__—_)}_o4 1 
eee eT 
also DAT and JAM as inputs) 

| Vux |X: Crystal InputLOW Voltage «| DVss=0.0V— (ssi(itiédiL:CimwOS | tt CV 
Wior” PerGystal npu HIGH Votage | bvess00V | 38 | bvenvas} 
| ux | Crystal input Low Current | Vin=DVss_ | 10] A 
| tmx | Crystal input HIGH Current | Vw=DVoo | = tA 
AUIPot 


llAXD Input Current at Dl+/- AVss < Vin < AVpp —-500 +500 LA 
and Cl+/- pairs 

VAICM Di+,DI-,Cl+,Cl- Open Circuit Input lin = OA, AVss = 0 V AVpp — 3.0 | AVpp—1.0 
Common Mode Voltage (bias) 

VAIDV Differential Mode Input AVpp = 5.0 V 42.5. 
ree Range (Di, Cl) 

Vasa _| DI, Cl Squelch Threshold eee omsager ie “275 | 160 | 

DI Switching Threshold es Ta 


VaoD. oo ae Voltage Ri=78Q 1100 
|(DO+) - 
VaAbDI DO Differential ae Ri. = 78Q mV 
Voltage Imbalance 
VaoDOFF | DO Differential Idle Output Voltage PRL=78Q =782 


lsovOFF. | DO Differential Idle Output Current | Ri = 78 Q (Note 1) ance 
| DO+/- Common Mode Output Voltage| Ri = 78 Q | 25 | AVoo | v | 
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DC CHARACTERISTICS (Continued) 


Parameter 
Symbol | Parameter Description Test Conditions 


Twisted Pair Ports 
liRXD Input current at RXD+/- AVss<Vin<AVpp +500 
Rrxo | RXD differential input resistance (Note 1) | 10 | - | KQ 


VTIvB RXD+,RXD- open circuit input lin=OmA AVoo-3.0 | AVpp—-1.5 
voltage (bias) 

VTID Differential Mode input voltage AVpp = 5.0 V 1 
range (RXD) 


< 


VTHS+ 


i i -3.1 3. 
VTsa+ RXD positive squelch threshold Sinusoid 5 MHz <f< 10 MHz 300 20 m 
(peak) 
VTsa RXD negative squelch threshold Sinusoid 5 MHz <f< 10 MHz —520 —300 mV 
_(peak) 
RXD post-squelch positive threshold | Sinusoid 5 MHz <f< 10 MHz 150 293 m 
(peak) 
VTHS- RXD post-squelch negative threshold | Sinusoid 5 MHz <f< 10 MHz —293 —150 m 
(peak) 


VaxorH | RXD switching threshold (Note 1) 


VITXH TXD+/- and TXP+/- output DVss=0V DVpp-0.6| DVopp 
HIGH voltage (Note 2 


) 
Vix. | TXD+/- and TXP+/- output | DVpp=5V - DVss_ | DVss+0.6 
LOW voltage | (Note 2) 
VIX TXD+/- and TXP+/- differential —40 +40 
output voltage imbalance 
Vrxorr | TXD+/- and TXP4/- differential DVop = 5 V | 
| 


< 


mV 
mV 
idle output voltage 


RTxp TXD+/- differential driver Note 1 
output impedance 


RTxp TXP-+/- differential driver (Note 1 
output impedance 


Power Supply Current 


Power supply current (idle) fx1 = 20 MHz p= | 180 | mA 
Power supply current (transmitting fx1 = 20 MHz 300 mA 
— no TP load) 
Power supply current (transmitting fx1 = 20 MHz Note 8 mA 
— with TP load) 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 


Parameter | 
Symbol 


_, Parameter Description 
Clock and Reset 


tx1 _X1 Clock Period 


xiGickPenod SSC~—SCSSC“‘SN™C#¥”#«#O«9OS’Y <5O.OOB] ns _| 
test | Reset pulse width 150 Us 
| | (RST pin LOW) | 
tRSTSET RST HIGH setup time with 20 
| respect to X1 Clock 
| tRSTHLD RST LOW hold time with 
respect to X1 Clock | 


Management Port 


tSCLK SCLK Clock Period 


SCLK Clock HIGH 
SCLK Clock LOW 
SCLK Clock Rise Time 


SCLK Clock Fall Time ere EES BE 


{tSCLKH 


tSCLKL 
tSCLKR 
tSCLKF 


SI input setup time with respect to SCLK 


tsiSET 
rising edge 


S| input hold time with 
| respect to SCLK rising edge | 


SO output delay with Ci = 100 pF 40. 
respect to SCLK rising edge : 
txiHcrs | X11 rising edge to CRS valid Ci = 100 pF | = | 40 | 
tX1HSTH X1 rising edge to STR HIGH CL = 100 pF | = | 40 | 


X1 rising edge to STR LOW Ci. = 100 pF | = | 40 | 


TEST input setup time with respect to 
SCLK rising edge 


trESTHLD TEST input hold time with respect to — Lo. 


SCLK rising edge 

Expansion Port 

X1 rising edge to REQ driven LOW 
X1 rising edge to REQ driven HIGH 
X1 rising edge to DAT/JAM driven Ci. = 100 pF 
tx1HDZ | X1 rising edge to DAT/JAM not driven 


touset | DAT/JAMsetuptime fd | = | 
tDJHOLD | DAT/JAM hold time | i 
i =—= 
ras ee 


tSIHLD 


tSODLY 


tX1HSTL 


tTESTSET 


— 
© 


tX1HRL 


sb 

& 
5 

© 


tx1HRH 


tx1HDR 


tCASET COL/ACK setup time 


L/A 


| 


K hold time 


d 
3 


tCAHOLD C 


7. 
No 
ui 
o 
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SWITCHING CHARACTERISTICS (Continued) 


Parameter 
Symbol Parameter Description Test Conditions 


X1 rising edge to DO toggle 
DO+,DO- rise time (10% to 90%) 
DO+,DO- fall time (90% to 10%) 
DO+,DO- rise and fall time mismatch 


tboTD 
tpoTR 
tDOTF 
tDORM 


DO+/- End of Transmission 


DI pulse width accept/reject IVin| > |Vasa| 15 45 
threshold Note 3 


DI pulse width maintain/turn-off [Vin| > |Vasa| 136 200 
threshold Note 4 


tewoc! Cl pulse width accept/reject [Vin| > |Vasa| 10 26 
| | threshold Note 5 | 


tPwKCl Cl pulse width maintain/turn-off |Vin| > [Vasa 160 
threshold Note 6 


Twisted Pair Ports 


X1 rising edge to TXD+, TXP+ 
TXD-, TXP- transition delay 


tTR TXD+,TXD-, TXP+, TXP- rise time 
TXD+,1TXD-, TXP+, TXP- fall time 


tT TXD+,TXD-, TXP+, FXP- rise 
and fall time mismatch 


tTETD Transmit End of Transmission | 275 | 375 | ons | 


tPWKRD 


tDOETD 


ie) 
on 
O1 
© 


tpwobi 


tPwkDI 


tTxTD 


tTF 


NO 
io) 


RXD pulse width maintain/turn-off [Vin] > |VTHs| 136 200 
threshold Note 7 


tPERLP Idle signal period 


a pms 
Idle Link Test pulse width (TXD+) Po] 120 ons 
ee | ne | 


tpwPLP Idie Link Test pulse width (TXP+, TXP-) 


tPWLP 


Notes: 

1. Parameter not tested. 

2. Uses switching test load. 

3. DI pulses narrower than tpwop! (min) will be rejected; pulses wider than tpwopi (max) will turn internal DI carrier sense on. 
4 


. Dl pulses narrower than tpwkp! (min) will maintain internal DI carrier sense on; pulses wider than tpwkp! (max) will turn 
internal DI carrier sense off. 


= 


Cl pulses narrower than tpwoci (min) will be rejected; pulses wider than tpwoci (max) will turn internal Cl carrier sense on. 


6. Cl pulses narrower than tpwxci (min) will maintain internal Cl carrier sense on; pulses wider than tpwKcl (max) will turn 
internal Ci carrier sense off. 


7. RXD pulses narrower than tpwKRb (min) will maintain internal RXD carrier sense on; pulse wider than tpwKRD (max) will 
turn internal RXD carrier sense off. 


8. For the typical twisted pair load as shown in Figure 6, using a 100 Q cable, an additional 28 mA (max) of Ipp current is 
required for each twisted pair port used. Less than 18% of the power associated with this additional current is dissipated 
by the IMR; the remainder is dissipated externally in the twisted pair load and cable. 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


SWITCHING WAVEFORMS 


x1 
tX1H 


X1 


X1R tX1F 


PRELIMINARY 


INPUTS 


Must Be 
Steady 


May 
Change 
from H to L 


May 
Change 
from L to H 


Don’t Care 
Any Change 
Permitted 


Does Not 
Apply 


tX41b 


Ciock Timing 


OUTPUTS 


Will Be 
Steady 


Will Be 
Changing’ 
from HtoL | 


Will Be 
Changing. 
from L to H 


Changing 
State 
Unknown 


Center 

Line is High 
Impedance 
“Off” State 


KS0000 10 


14396-013A 
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SWITCHING WAVEFORMS (Continued) 


| : 


me 


tRSTHLD | 
RST 
tRSTSET / 
tRST 
TCK"* 
Note: 


tRSTSET refers to synchronous Reset Timing. ieee Ne 


“Externally generated (Figure 4) signal illustrates internal IMR clock phase relationships. 


Reset Timing 


Command Execution Phase Results Phase Next Command 


Can aannnenannnnnar pote 
souk {AKA NL 


¢ 


STRT DO D1 D2 D3 D4 D5 D6 D7 
STRT DO D1 D2 D3 D4 DS D6 D7 


14396C-015B 


Management Command with Results Data 


Command Execution Phase Next Command Execution Phase 


Sl 


pooeeest PAY AY | 
A ee A ee 


STRT DO D1 D2 D3 D4 D5 D6 D7 STRT DO D1 D2 D3 D4 DS D6 D7 


SO , - 44396C-016B 


No-results Management Command Timing 
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SWITCHING WAVEFORMS (Continued) 


tSCLK tSCLKF tSCLKR 


SCLK © 


tSCLKH »_tSCLKL 


SI/TEST 


tSISET tSIHLD 


tTESTHLD 


tTESTSET 


SO 


: 14396-017B 
tSODLY tSODLY 


Management Port Clock Timing 


x4 

iA 
ons \ [G8 XS SEX GEN GEEK SEEN SBE SBE S/S 
STR | | | | | | | | 


*Externally generated (Figure 4) signal illustrates internal IMR clock phase relationships. 14396C-018B 


Carrier Sense Timing 
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SWITCHING WAVEFORMS (Continued) 


+ 
‘@) 
4% 


t t i 1 
; 
{ i] 
i] i] ‘ ft] 
; 
] i] (] t 
COL 
tDJSET tDJHOLD 
t t i} 
4 i) 1 
DAT , 


JAM 


“Externally generated (Figure 4) signal illustrates internal IMR clock phase relationships. 
Expansion Port Input Timing 


14396C-019B 


1 (] 
i] t t 
i] ' i] 
i] i] i} i] 
i] | ( t 
(] t i] t 
i] t i) i] 
I NA NS NA NSA 

ie 
i] t i] i] 
i] i i] t 
i] i] t t 
' X+HAL | tX1HRH 
i] ’ t i] ' t 
i] ' t i] t 
REQ { \ / 
( t 
tCASET ,  tCASET 1 
—_ > 

t 

i] 


“Externally generated (Figure 4) signal illustrates internal IMR clock phase relationships. 
Expansion Port Output Timing 


14396C-020B 
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el aw 


SWITCHING WAVEFORMS (Continued) 


1 tCAHOLD 


IN 


14396C-021B 


“Externally generated (Figure 4) signal illustrates internal IMR clock phase relationships. 


Expansion Port Collision Timing 


ETD 


X1 


+ 
© 
OQ 


DO-— 


AUI DO Timing Diagram 


tDOETD 


- 40 a ; 
80 Bit Times 


100 mV max 


pea Seer R ETT 


a 
+ 
2) 
ra 


aR NETRA ENERD 


14396-023A 


AUI Port DO ETD Waveform — 
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PRELIMINARY 


SWITCHING WAVEFORMS (Continued) 


tPWKDI 


14396-024A 


AU! Receive Timing Diagram 


tPWKCI 


14396-025A 


tPWOC| <———..——--—__—_——__» 
tPWKCI 


AUI Collision Timing Diagram 


X1 


TXD+ 


TXP+ 


TXD- 


TXP- 


14396-026A 


TP Ports Output Timing Diagram 
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SWITCHING WAVEFORMS (Continued) 


tPWPLP 


: 


TXD+ | 


TXP+ j \ / \ 
; ’ t ' 
| “>; tpwPLP 

TXD- a 
t : ' ' 
oy | , 

\ ‘ ' ’ 

' ' , ’ 

TXP— # \ / \ 
t ‘ 

' tPWLP 4 tPERLP 

14396-027A _ 
TP Idie Link Test Pulse 
tPWKRD 
VTSsa+ poner Ee 


tPWKRD tPWKRD | | 14396-028A 
TP Receive Timing Diagram 
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SWITCHING TEST CIRCUITS 


AVobpb 


DO+ 
DO- 


TEST POINT 


AVss 


14396C-029B 


AUI DO Switching Test Circuit 


DVppb 


TXD+ 


TEST POINT 
TXD— 
100 pF 
Includes test 
jig capacitance 
DVss 
14396C-030B 
TXD Switching Test Circuit 
DVppb 
TXP+ TEST POINT 
TXP— 


100 pF 


Includes test 
jig capacitance 


DVss 
14396C-031B 


TXP Outputs Test Circuit 


Am79C980 1-265 


rs AMD 
APPENDIX 
Glossary 


Active Status 


In a non-collision state, an IMR is considered active if it 
is receiving data on any one of its network ports, or is in 
the process of broadcasting (repeating) FIFO data from 
a recently completed data reception. In a collision state 
(the IMR is generating Jam Sequence), an IMR is con- 
sidered active if any one or more network ports is receiv- 
ing data. The IMR asserts the REQ line to indicate that it 
is active. | 


Collision 


In. a carrier sense multiple access/collision detect 
(CSMA/CD) network such as Ethernet, only one node 
can successfully transfer data at any one time. When 
two or more separate nodes (DTEs or repeaters) are si- 


multaneously transmitting data onto the network, a Col- 


lision state exists. Ina repeater using one or more IMRs, 
a Collision state exists when more than one network port 
is receiving data at any instant, orwhen any one or more 
network ports receives data while the IMR is transmit- 
ting (repeating) data, or when the Cl+/- pins become ac- 
tive (nominal 10 MHz signal) on the AUI port. 


_ Jam Sequence 


Asignal consisting of alternating 1s and Os that is gener- 
ated by the IMR when a Collision state is detected. This 
‘Signal is transmitted by the IMR to indicate to the net- 
work that one or more network ports in the repeater is 
involved in a collision. 


Network Port 


Any of the eight 1OBASE-T ports or the AUI port present 
in the IMR (i.e. not the Expansion Port or the Manage- 
ment Port). 


PRELIMINARY 


Partitioning 


A network port on a repeater has been partitioned if the 
repeater has internally ‘disconnected’ it from the repeat- 
er due to localized faults that would otherwise bring the 
entire network down. These faults are generally cable 
shorts and opens that tend to cause excessive collisions 
at the network ports. The partitioned network port will be 
internally re-connected if the network port starts behav- 
ing correctly again, usually when successful ‘collision- 
less’ transmissions and/or receptions resume. 


Receive Collision 


A network port is ina Receive Collision state when it de- 
tects collision and is not one of the colliding network . 
‘nodes’. This applies mainly to a non-transmitting AUI 
port because a remote collision is clearly identified by 
the presence of a nominal 10 MHz signal on the Cl+/- 
pins. However, any repeater port would be considered 
to be in a receive collision state if the repeater unit is re- 
ceiving data from that port as the ‘one-port-left’ in the 
collision sequence. 


Transmit Collision 


A network port is ina Transmit Collision state when colli- 
sion occurs while that port is transmitting. On the AUI 
port, Transmit Collision is indicated by the presence of a 
nominal 10 MHz signal on the Cl+/- pins while the AUI 
port is transmitting on the DO+/- pins. On a 10BASE-T 
port, Transmit Collision occurs when incoming data ap- 
pears on the RXD+/- pins while the 10BASE-T port is 
transmitting on the TXD+/- and TXP+/- pins. 
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CHAPTER 1 
OVERVIEW 


The LANCE (Local Area Network Controller for Ethernet) is a 
48-pin VLSI device designed to greatly simplify interfacing a 
microcomputer or minicomputer to an IEEE 802.3/ 
Ethernet/Cheapernet Local Area Network. In addition to 
transferring data packets to and from the Ethernet transceiver, 
the LANCE has the ability to manage the data buffers in 
memory. Figure 1-1 is a block diagram of the LANCE. 


This technical manual discusses the hardware and software 
considerations that may be useful for the user designing sys- 
tems around the Am7990 LANCE. It examines the LANCE 
interfaces with typical microprocessors to show the flexibility 
under different environments. Bus bandwidth, bus latency, and 
system performance are discussed for different architectures. 


The flowcharts of software drivers, along with some guidelines, 
are introduced for a better understanding of how the part may 
be programmed and used in typical applications. No attempt is 
made to explore software issues relating to the upper layer 
protocols of the ISO model. 


As a communication controller, the LANCE manages descrip- 
tor rings and data buffers in memory for both transmitting and 
receiving data. It shares DMA access to this memory with other 
master bus devices such as.CPUs. 


In the transmitting mode, the LANCE transfers data from the 
current buffer to a 48-byte (FIFO) register in the LANCE called 
a Silo. The output of the Silo is serialized and then goes to a 
Serial Interface Adapter (SIA), the Am7992B. Design consider 
ations for the SIA are not discussed in this manual. The output 
of the SIA is connected to the Ethernet lines through a 
transceiver. A pin-for-pin compatible IEEE 802.3/ 
Ethernet/Cheapernet transceiver, Am7996, is available from 


AMD. | 


In the receiving mode, the SIA receives data from the Ethernet 
cable. It transfers the data to the Silo in the LANCE. The 
LANCE transfers the data from the Silo to the current buffer in 
local memory. Figure 1-2 is a simplified diagram of the data 
flow. 


To initialize the LANCE, it must be in the Bus Slave mode. 
When CS is active, the LANCE is in the Bus Slave mode. 
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Figure 1-1 LANCE Block Diagram 
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Figure 1-2 Data Flow 
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The LANCE is initialized by entering configuration parameters 
into the four Control and Status Registers (CSR) and into an 
Initialization Block of 12 words. CSRo contains interrupt and 
error status flags and control bits. CSR; and CSR2 contain the 
address of the Initialization Block. CSRg contains control bits 
to configure Byte Swap (BSWP), ALE Control (ACON), and 
Byte Control (BCON). The Initialization Block contains pointers 
to the descriptor rings and their length. 


Buffer management is accomplished through message 
descriptors organized in ring structures in memory. Each 
message descriptor entry is four words long. There are sepa- 
rate descriptor rings for transmitting and receiving. Packets to 
be transmitted are loaded into buffers by the CPU and the 
addresses and lengths of the buffers are stored in consecutive 
entries in the Transmit Descriptor ring. Then, the ownership bit 
is set in each entry indicating that the LANCE owns the buffers. 
The LANCE polls the first descriptor entry and when it finds 
that it owns it, it proceeds to transmit the packet. 


The LANCE maintains a copy of the descriptor entry that points 
to the current buffer. If the current buffer entry is not the final 
buffer for the packet being sent, the LANCE maintains a copy 
of the descriptor ring entry for the next buffer to be transmitted 
in the look-a-head buffer. 


When a Receive Descriptor Ring entry is empty, the ownership 
bit for it is set meaning that the buffer it points to is available to 
the LANCE to store an incoming packet. After the LANCE has 
stored a packet in the buffer or filled the buffer, it resets the 
ownership bit thus giving control of the buffer to the host. It then 
polls the next descriptor entry to see if the next buffer is avail- 
able for additional incoming packets. 


The LANCE also enters status information into the descriptor 
entries. 


it is recommended that the reader refer to the LANCE Data 
Sheet for further detail such as timing. 


1.1 EARLY DESIGN STAGE TESTING 


As with any other peripherals, a hierarchical approach should 


be taken to integrate the LANCE into a system for proper oper- 
ation. The following outline shows the order in which the vari- 
~ ous LANCE functions should be developed and tested. 


— RESET | 

— BUS SLAVE OPERATION 
— INITIALIZATION 

— BUS MASTER OPERATION 
— DIAGNOSTICS | 

— NORMAL OPERATION 


The initialization, Bus Master operation, and the diagnostic 
steps are closely tied together, such that each step requires the 
proper operation or arrangement of the other steps. A brief 
discussion of significant points for each step follows. A detailed 
description appears later in this chapter. 
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1.2 RESET 


There are two ways to reset the LANCE: Hard Reset (RESET - 
input to the LANCE), and Soft Reset (by setting the stop bit in 


CSRo). Reset causes the LANCE to cease operation and clear 
its internal logic. 


Control Status Registers (CSRog CSR3) contents are affected 
as follows: 


— CSRog is cleared. (Stop bit gets set.) 
— CSRz3 is cleared. 


- — CSR, CSRo undefined by reset. 


The LANCE operation may be resumed by setting the STRT bit 
in CSRo after it is stopped. However, the above condition 
implies that when the LANCE is stopped (Soft Reset), CSR3 
must be reprogrammed if the LANCE interface had been con- 
figured for non-default values. If CSR3 has a non-zero value, it 
must be reloaded each time that the stop bit is set. 


1.3 BUS SLAVE OPERATION 


The LANCE enters the Bus Slave mode whenever CS 
becomes active. This mode is used for accessing the four 


Control Status Registers (CSRo, CSR, CSRe, CSR3), and the 


Register Address Pointer (RAP). It takes the CPU normally two 
separate cycles to access CSRo-CSR3. The first cycle selects 
the CSR by writing to RAP, and the second cycle accesses the 
CSR pointed to by RAP. RAP is a latch and is not changed until 
it is rewritten; therefore, accessing the same CSR does not 
require the register select cycle. 


During Bus Master Mode operation, the LANCE uses the pa- 


rameters contained in CSR;-CSR3. Therefore, LANCE opera-. 


tion must be stopped by setting the Stop bit in CSRo whenever 
CSR;-CSR3 accesses are required. The LANCE and CPU 
interface can be tested by writing and then iene the Control 
Status Registers (CSRo-CSR3). 


The CPU communicates with the LANCE in a handshake se- 
quence by asserting the DAS signal as a request for Data 
Transfer, and receiving the READY output from the LANCE in 
return as an acknowledge, (refer to the LANCE Data Sheet for 
Bus Slave Timing and Read/Write operation). Note that there 
are two different types of delays involved in accessing the 
CSRs. The shorter delays refer to accesses to CSRo, CSRs, 
and RAP. The longer delays refer to accesses to CSR, and 
CSRo. Proper operation of the LANCE in Bus Slave Mode is a 
prerequisite for the LANCE to operate in Bus Master Mode. 


1.4 INITIALIZATION PROCEDURE 


The LANCE is initialized (configured) for a desired operation by 
programming the CSR registers (CSR1-CSR3) and providing 
the parameters required by the LANCE in the Initialization 
Block. Proper initialization is a prerequisite for the LANCE op- 
eration in Bus Master mode. Refer to Figure 1-3 and Figure 
1-4. 


1.4.1 CSR PROGRAMMING 


Depending upon which processor is to be interfaced to the 
LANCE, ACON, BCON, and BSWP in the Control Status Reg- 
ister 3 (CSRg3) must be programmed when initializing the 
LANCE. 


ACON (ALE control) defines the polarity of ALE signal when 
the LANCE is in Bus Master Mode. Multiplexed buses use this 
signal (ALE) to latch the least significant part of the Address 
Bus (A15:Ao). 


BCON (byte control) redefines the byte mask I/O pins (pins 15 
and 16) for different ways to handle odd address boundaries 
and redefines HOLD 1/O pin 17 to configure the LANCE as a 
daisy-chain system. 


When BCON = 0, pins 15, 16, and 17 are defined as BMo, 
BM, and HOLD. Pins 15 and 16 specify byte selection on the 
DAL lines as whole word, upper byte, lower byte, or none. Pin 
17, HOLD, is asserted by LANCE whenever it requires access 

to memory. | 


When BCON = 1, these pins are defined as BYTE, BUSAKO, 
and BUSRQ. The BYTE line (pin 15) is used in conjunction 
with the least significant bit of the DMA address to specify byte 
selection as whole word, lower output. If the LANCE is not 
requesting the bus and it receives HDLA BUSAKO is driven 
low. If the LANCE is requesting the bus when it receives HDLA 


BUSAKO will remain high. BUSRQ pin 17, will only be as- 


serted if pin 17 is high prior to assertion when in the daisy chain 
configuration. 


The BSWP bit in CSRg determines if the LANCE treats the 
high byte as the most significant or least significant byte when 
writing into the Silo (Bus Master Mode, read operation) or when 
reading it from the Silo (Bus Master Mode, write operation). 
This function facilitates operation with different 16-bit micropro- 
cessors. When BSWP = 1, the LANCE will swap the high and 
low bytes on DMA transfers between the Silo and and bus 
memory. 


_ 
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Figure 1-3 Control and Status Registers in LANCE 
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Table 1-1. Processor Interface Requirements 


Address 
latch enable 


polarity 
Byte 
ad¢ciressing 
of memory 


Byte/Word 
signal 


Even address 
accesses upper 
byte; odd address 
accesses lower 


byte 


Memory 
organization 


i The Am7990 Tri-states ALE; the 8086 does not. 


Table 1-1 shows how to program CSR3 when interfaced to 
different processors. CSR; and CSRo are programmed to con- 
tain a pointer to the Initialization Block. 


1.4.2 INITIALIZATION BLOCK 


This block contains the operating parameters necessary for 
device operation. The Initialization Block is 12 words long in 
contiguous memory starting on a word boundary (See Figure 
1-3). The Initialization Block contains: 


@ Mode of operation (Mode Register) 

@ Physical Address | 

e@ Logical Address Mask 

@ Location of Transmit and Receive Descriptor Rings 

@ Number of entries in Transmit and Receive Descriptor 
Rings. 


1.4.3 DIAGNOSTICS 


The Mode Register in the Initialization Block is used to set up 
the LANCE for diagnostic or normal operation. There are four 
userprogrammable diagnostic modes. Each mode requires 
the user to change bits in the Mode Register and reinitialize the 
LANCE. The four modes are listed as follows: 


1. Internal Loopback 

2. CRC Logic Check 

3. Collision Detection and Retry Logic 
4. External Loopback. 


The detailed description of the diagnostic functions and flow- 


charts appear in a later section of this technical manual. 


1.4.4 NORMAL OPERATION 


Once the LANCE interface with the system is checked out both 
in Bus Master and Bus Slave Mode, and the internal logic of 
the LANCE has been tested in diagnostic mode for both inter- 
nal and external loopback test, the LANCE can be configured 
for normal operation via the Initialization Block. The user nor 
mally initializes the LANCE once for normal operation. Any 
change in the LANCE configuration requires the re-initialization 


28000 8086 68000 LSI-11 
Dedicated Z-bus Multibus Versabus Q-bus 
buses (multiplexed) (multiplexed) (demultiplexed) - (multiplexed) 


Upper 
Byte Strobe 


Even address 
accesses lower 
byte; odd address 
accesses upper 
byte 


Upper and Byte/Word 
lower signal 
strobes 


Even address 
accesses lower 
byte; odd address 
accesses upper 


byte 


Even address 
accesses upper 
byte; odd address 
accesses lower 


byte 


of the LANCE. The user must make sure to process all the 
transmitted or received packets and rearrange the packets 
queued for transmission in the Transmit Ring before re- 
initializing the LANCE. This is necessary since, upon re- 
initialization, the LANCE sets its pointers to the beginning of 
the Transmit and Receive Rings. 


1.5 BUS MASTER OPERATION 


The LANCE must be in Bus Master mode to access the exter- 
nal memory. Local memory external to the LANCE is used for 
the Initialization Block, transmit/receive rings, and 
transmit/receive buffers. HOLD and HLDA of the LANCE both 
active indicate that the LANCE is a Bus Master. The HLDA 
input to the LANCE may be directly connected to the HOLD 
output from the LANCE. This is desirable in some applications. 


To guarantee that the LANCE is not switched into Slave Mode 
inadvertently, CS must not be asserted when the LANCE in 
Bus Master Mode (HLDA active). This is usually guaranteed by 
design when the LANCE and CPU share the same bus. 
However, in a dual port RAM design in which the LANCE is not 
on the same bus with the CPU, some external logic is required 
to monitor and control HOLD and HLDA before a CS is as- 
serted. 


Each DMA cycle initiated by the LANCE consists of 6 T-states 
(600 ns) plus any additional wait states (Tw) which is required 
for slower memories. Wait states may be added between T4 
and T5 of the LANCE DMA cycle. The READY input to the 
LANCE inserts wait states in 100 ns increments. To guarantee 
that no Wait State is added to the bus cycle, the READY signal 
input to the LANCE must be asserted within 80 ns (max), fol- 
lowing the falling edge of the ALE signal. Memory chips with 
600 ns (max) cycles time and an access time of 280 ns from 
ALE falling edge, or 355 ns from Address Valid, can be used 
without adding any Wait States to the LANCE DMA cycles. 


It is possible for one or more wait states to be added to the 
LANCE DMA cycle even with fast memory chips if the timing 
specification of the LANCE is not met. It is recommended that 
the memory cycle sequencer be synchronized with the falling 
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edge of DAS and that READY be asserted within 80 ns follow- 


ing the falling edge of ALE in order to assure that no wait states 


are added. 


In the Bus Master Mode, the LANCE has two types of DMA 
transfers: burst or single DMA cycle. Each burst transfer uses 
eight DMA cycles and transfers eight 16-bit words unless fewer 
than eight words remain to be transferred. Separate single 
_ word DMA cycles are used to access the transmit/receive rings 
and the Initialization Block. 


The LANCE is equipped with some additional features, includ- 
ing two transceiver control signals, DALI (DAL In) and DALO 
(DAL Out). When in Bus Master Mode, the LANCE asserts 
DALI and DALO to enable the data transceivers for Read and 
Write operations. DALI is asserted only during the data portion 
of a read transfer. DALO is asserted during the write operation 
to enable the transceiver for both address and data 
(multiplexed Address/Data), and also during the read operation 
to transfer the address (refer to the LANCE Data Sheet). It is 
important to note that, during the read operation, there is a 
delay from deassertion of DALO to assertion of DALI or vice 
versa. This is to prevent bus contention which would cause 
electromagnetic interference (EMI). 


1.6 GENERAL DESCRIPTION 


The Am7990 (LANCE) is designed to operate in an environ- 
ment that includes close coupling with a local memory and a 
microprocessor (HOST). The Am7990 LANCE is programmed 
by a combination of registers and data structures resident 
within the chip and in memory. There are four Control and 
Status Registers (CSRs) within the chip which are 
programmed by the HOST device. Once enabled, the chip has 


the ability to access memory locations to acquire additional 


operating parameters. 


The Am7990.has.the ability to do wandepandent buffer manage- 
ment as well as transfer data packets to and from the Ethernet. 
There are three memory structures accessed by the Chip: 


1. Initialization Block—12 words in contiguous memory start- 
ing on a word boundary. It also contains the operating pa- 
rameters necessary for device operation. The Initialization 
Block is comprised of: 


Mode of Operation 

@ Physical Address 

@ Logical Address Mask 

@ Location of Receive and Transmit Descriptor Rings 

@ Number of Entries in Receive and Transmit Descriptor 
Rings 


2. Receive and. Transmit Basciieicl Rings— —Two ring 
structures, one each for incoming and outgoing packets. 
Each entry in the rings is 4 words long and each entry must 
start on a quadword Roundaly, The. ‘Descriptor Rings are 
comprised of: 


@ The address of a data buffer. 
@ The length of that data buffer. 
e Status information associated with the buffer. 


3. Data Buffers—Contiguous portions of memory reserved for 
packet buffering. Data buffers may begin on arbitrary byte 
boundaries. 
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In general, the programming sequence of the chip may be 
summarized as: | 


1. Programming the chip’s CSRs by a host device to locate an 
Initialization Block in memory. The byte control, byte 
addressing, and address latch enable modes are defined 
here also. 


2. The chip loads itself with the information contained within 
the Initialization Block. 


3. The chip accesses the descriptor rings for packet handling. 


_ The parallel interface of the Local Area Network Controller for 


Ethernet (LANCE) has been designed to be “friendly” or easy 
to interface to a variety of popular 16-bit microprocessors. - 
These microprocessors include the following: Z8000, 8086, 
68000 and LSI-11. The LANCE has a 24-bit wide linear ad- 
dress space when it is in the Bus Master Mode allowing it to 
DMA directly into the entire address space of the above micro- _ 
processors. 


A programmable mode of operation allows byte addressing in 
one of two ways: A Byte/Word control signal compatible with 
the 8086 and Z8000, or an Upper Data Strobe and Lower Data 
Strobe signal compatible with microprocessors such as the 
68000. A programmable polarity on the Address Strobe signal 
eliminates the need for external logic. The LANCE interfaces 
with both multiplexed and demultiplexed data buses and 
features control signals for address/data bus transceivers. See 
Figure 1-5. 


During initialization, the CPU loads the starting address of the . 
Initialization Block into two internal control registers. The 
LANCE has four internal control and status registers (CSRo, 1. 
2, 3) which are used for various functions such as the loading 
of the Initialization Block address, different programming 
modes and status conditions. The host processor commun- 


~ icates with the LANCE during the initialization phase—for 


demand transmission and periodically to read the status bits | 
following interrupts. All other transfers to and from the memory 
are handled as DMA under microword control. 


Interrupts to the microprocessor are generated by the LANCE 
upon: 1) completion of its initialization routine, 2) the reception 
of a packet, 3) the transmission of a packet, 4) transmitter 
timeout error, 5) a missed packet and 6) memory error. 


The cause of the interrupt is ascertained by reading CSRo. Bit 


'. (06) of CSRo, (INEA) enables or disables interrupts to the 


microprocessor. In systems where polling is used in place of 
interrupts, bit (07) of CSRo (INTR) indicates an interrupt condi- 
tion. 


The basic operation of the LANCE consists of two, distinct 
modes: transmit and receive. In the transmit mode, the LANCE 
chip directly accesses data (in a transmit buffer) in memory. It 
prefaces the data with a preamble, sync pattern, and calc- 
ulates and appends a 32-bit CRC. This packet is then ready for 
transmission to the Am7992A SIA. On transmission, the first. 
byte of data loads into the 48-byte FIFO. The LANCE then 
begins to transmit preamble while simultaneously loading the 
rest of the packet into FIFO for transmission. 


a. Multiplexed Bus 
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Figure 1-5 LANCE/CPU interfacing 
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In the receive mode, packets are sent via the SIA ‘to the 
LANCE. The packets are loaded into the 48-byte FIFO for 
preparation of automatic downloading into buffer memory. A 
CRC is calculated and compared with the CRC appended to 
the data packet. If the calculated CRC checksum doesn’t agree 
with the packet CRC, an error bit is set. 


1.7. PIN DESCRIPTION 


DAL oo- Data/Address Lines (Input/Output 3-State) 
DALi5 The time multiplexed Address/Data bus. During 
the address portion of a memory transfer, 
DALgo-DAL15 contains the lower 16 bits of the 
memory address. The upper 8 bits of address 
are contained in Ajg-Ao3. 

During the data portion of a memory transfer, 
DALoo9-DAL15 contains the read or write data, 
depending on the type of transfer. 

‘The LANCE drives these lines as a Bus Master 
and as a Bus Slave. 

High Order Address Bus (Output 3-State) 
Additional address bits that access a 24-bit ad- 
dress space. These lines are driven as a Bus 
Master only. 

(Input/Output 3-State) 

Indicated the type of operation to be performed 
in the current bus cycle. This signal is an output 
when the LANCE is a Bus Master. 


High — Data is taken off the DAL by the 
LANCE. 7 


Ai6-A23 


READ 


‘Low — Data is placed on’ the DAL by the 


LANCE. | 

The signal is an input when the LANCE is a Bus 

Slave. 

High — Data is placed on the DAL by the 
LANCE. 

Low — Data is taken off the DAL by the 
LANCE. 


I/O pins 15 and 16 are programmable through 
bit (00) of CSRs 


BMo/ 
"BYTE 
BM ,/ 
BUSAKO 
BMgo, BM, 
If CSRg (00) BCON = 0, 


/O Pin 15 = BMg (Output 3-state) 
/O Pin 16 = BM, (Output 3-state) 


~BMo, BM, (Byte Mask). This indicates the 
byte(s) on the DAL are to be read or written. 
during this bus transaction. The LANCE/ drives 


these lines only as a Bus Master. It ignores the | - 


Byte Mask lines when it is a Bus Slave and 
assumes word transfers. 


Byte selection using Byte Mask is done as 
described by the following table. 
BM; BMo 
LOW LOW 
LOW HIGH 


HIGH LOW 
HIGH HIGH 


Whole Word 
Upper Byte 
Lower Byte 
None 
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BYTE, BUSAKO 


If CSRg (00) BCON = 1, 
/O Pin 15 = BYTE (Output 3-state) 
VO Pin 16 = BUS AKO (Output) 


Byte selection may also be done using the 
BYTE line and DAL oo line, latched during the 
address portion of the bus cycle. The LANCE 
drives BYTE only as a Bus Master and ignores it 
when a Bus Slave selection is done (similar to 
BMo, BM. | | 

Byte selection is done as outlined in the follow- 
ing table. ‘ 


BYTE 


LOW 
LOW 


DALoo 


LOW Whole Word 
HIGH Illegal Condition. 
HIGH LOW Lower Byte 
HIGH HIGH Upper Byte 


BUS AKO is a bus request daisy chain output. If 
the chip is not requesting the bus and it received 
HLDA, BUSAKO will be driven low. If the 
LANCE is requesting the bus when it received 
HLDA, BUSAKO will remain high. 


Byte Swapping 

in an effort to be compatible with the variety of 16-bit micropro- 
cessors available to the designer, the LANCE may be 
programmed to swap the position of the upper and lower order 
bytes on data involved in transfers with the internal FIFO. 


Byte swapping is done when BSWP = 1. The most significant 
byte of the word in this case will appear on DAL lines 7-0 and 
the least significant byte on DAL lines 15-8. 


When BYTE = H (indicating a byte transfer) the table indicates 
on which part of the 16-bit data bus the actual data will appear. — 


Whenever the byte swap is activated, the only data that is 
swapped is data traveling to and from the Silo. 


| 
Signal Line | 


BSWP = 0 BSWP = 1 
and BCON = 1 | and BCON = 1 
BYTE = L and Word Word 
DALgo = L | 
BYTE = L and Illegal illegal 
DALoo = H 


Upper Byte 


BYTE = H and Lower Byte 
DALoo = H 
BYTE = H and 
Lower Byte Upper Byte 
DALoo = L 


cs Chip Select (Input) 
|ndicates, when asserted, that the LANCE is the 
slave device of the data transfer. CS must be 
valid throughout the data portion of the bus 
cycle. CS must not be asserted when HLDA is 
LOW. 


ADR 


ALE/AS 


DAS 


DALO 


DALI 


HOLD 
BUSRQ 


Register Address Port Select (Input) 

When LANCE is slave, ADR indicates which of 
the two register ports is selected. ADR LOW 
selects register data port; ADR HIGH selects 
register address port, ADR must be valid 
throughout the data portion of the bus cycle and 
is only used by the LANCE when CS is low. 


Address Latch Enable (Output 3-State) 
Used to demultiplex the DAL lines and define 
the address portion of the bus cycle. This I/O pin 
is programmable through bit (01) of CSR3. 


As ALE (CSR3 (01), ACON = 0), the signal 
transitions from a HIGH to a LOW during the 
address portion of the transfer and remains low 
during the data portion. ALE can be used by a 
slave device to control a latch on the bus ad- 
dress lines. When ALE is high the latch is open 
and when ALE goes low the latch is closed. 


As AS (CSR3 (01), ACON = 1), the signal 
pulses LOW during the address portion of the 
bus transaction. The low to high transition of AS 
can be used by a slave device to strobe the 
address into a register. 


The LANCE drives the ALE/AS line only as a 
Bus Master. ; 


Data Strobe (Input/Output 3-State) 

Defines the data portion of the bus transaction. 
DAS is high during the address portion of a bus 
transaction and low during the data portion. The 
low to high transition can be used by a slave 
device to strobe'bus data into a register. DAS is 
driven only as a Bus Master. 


Data/Address Line Out (Output 3-State) 

An external bus transceiver control line. DALO 
is asserted when the LANCE drives the DAL 
lines. DALO is low only during the address por- 
tion if the transfer is a READ. It is low for the 
entire transfer if the transfer is a WRITE. DALO 
is driven only when LANCE is a Bus Master. 


Data/Address Line In (Output 3-State) 

An external bus transceiver control line. DALI is 
asserted when the LANCE reads from the DAL 
lines. It is low during the data portion of a READ 
transfer, and remain high for the entire transfer if 
itis a WRITE. DALI is driven only when LANCE 
is a Bus Master. 


Bus Hold Request (Output Open Drain) 

Asserted by the LANCE when it requires access 
to memory. HOLD is held LOW for the entire 
ensuing bus transaction. The function of this pin 
is programmed through bit (00) of CSRz Bit (00) 
of CSR is cleared when RESET is asserted. 


When CSRz3 (00) BCON = 0 

/O pin 17 = HOLD (Output Open Drain) 
When CSRg (00) BCON = 1 . 

/O pin 17 = BUSRQ (Output Open Drain) 


BUSRQ will be asserted only if I/O pin 17 is high 
prior to assertion. 


HLDA 


INTR 


RX 
TX 


TENA 


RCLK 


CLSN 


RENA 


TCLK 


READY 


RESET 


Vss 


Bus Hold Acknowledge (input) 

A response to HOLD. When HLDA is low in 
response to the chip’s assertion of HOLD, the 
chip is the Bus Master. HLDA deasserts upon 
the deassertion of HOLD. 


Interrupt (Output Open Drain) 

An attention signal that indicates, when active, 
that one or more of the following CSRo status 
flags is set: BABL, MERR, MISS, RINT, TINT or 
IDON. INTR is enables by bit 06 of CSRo (INEA 
= 1). INTR remains asserted until the source of 
Interrupt is removed. 


Receive (Input) 
Receive Input Bit Stream. 


Transmit Enable (Output) 
Transmit Output Bit Stream. 


Transmit (Output) 
Transmit Output Bit Stream enable. When as- 
serted, it enables the external transmit output. 


Receive Clock (Input) 

A 10MHz square wave synchronized to the 
Receive data and only active while receiving an 
Input Bit Stream. 


Collision (Input) 
A logical input that indicates that a collision is 
occurring on the channel. 


Receive Enable (Input) 
A logical input that indicates the presence of 
carrier on the channel. 


Transmit Clock (Input) 
10MHz clock. 


(Input/Output Open Drain) 

When the LANCE is a Bus Master, READY is an 
asynchronous acknowledgement from the bus 
memory that it will accept data in a WRITE cycle 
or that it has put data on the DAL lines in a 
READ cycle. 


As a Bus Slave, the LANCE asserts READY 
when it has put data on the DAL lines during a 
READ cycle or is about to take data off the DAL 
lines during a write cycle. READY is a response 
to DAS and will return HIGH after DAS has gone 
HIGH. READY is an input when the LANCE is a 
Bus Master and an output when the LANCE is a 
Bus Slave. 


(Input) 

Bus Reset Signal. Causes the LANCE to cease 
operation, clears its internal logic, and enter an 
idle state. The stop bit in CSRo is also set. 


A 3.3K pull-up resistor should be used at the 
RESET pin of the LANCE. 


Power supply pin +5 volts +5%. 


A 0.1pf and a 10yf decoupling capacitors 
should be used for Vcc to Vss. 


Ground Pins 1 and 24 should be connected 
together externally, as close to the chip as 
possible. 


2-13 


1.8 FUNCTIONAL DESCRIPTION 
1.8.1 ADDRESSING 


Packets can be received using 3 different destination 
addressing schemes: physical, logical, and promiscuous. 


The first type is a full comparison of the 48-bit destination 
address in the packet with the node address programmed into 
the LANCE during an initialization cycle. 


There are two types of logical address. One is group type mask 
where the 48-bit address in the packet is put through a hash 
filter in order to map the 48-bit physical addresses into 1 of 64 
logical groups. If any of these 64 groups have been 
preselected as the logical address, then the 48-bit address is 
stored in main memory. At this time, a look up is performed 
comparing the 48-bit incoming address with the prestored 48- 
‘bit logical address. The mode can be useful if sending packets 
to all of a particular type of device simultaneously (i.e., send a 
packet to all file servers or all printer servers). Additional details 
on logical addressing can be found in the INITIALIZATION 
section under “Logical Address Filter”. The second logical ad- 
dress is a broadcast address where all nodes on the network 
receive the packet. 


The last receive mode of operation is the so-called 
“promiscuous mode” in which a node will accept all packets on 
the coax regardless of their destination address. 


1.8.2 COLLISION DETECTION AND 
IMPLEMENTATION 


The Ethernet CSMA/CD network access algorithm is imple- 
mented completely within the LANCE. In addition to listening 
for a clear coax before transmitting, Ethernet handles collisions 
in a predetermined way. Should two transmitters attempt to 
seize the coax at the same time, they will collide and the data 
on the coax will be garbled. The transmitting nodes listen while 
they transmit, detect the collision, then continue to transmit for 
a predetermined length of time to “jam” the network and 
ensure that all nodes have recognized the collision. The 
transmitting nodes then delay a random amount of time 
according to the Ethernet “truncated binary backoff” algorithm 
in order that the colliding nodes don't try to repeatedly access 
the network at the same time. Up to 16 attempts to access the 
network are made by the LANCE before reporting back an 
error due to excessive collisions. 


COLLISION JAM 

Collisions are detected by monitoring the CLSN 1/O pin. If 
CLSN becomes asserted during a frame transmission, TENA 
will remain asserted for at least 32 additional bit times 
(including CLSN synchronization). This additional transmission 
after collision is called COLLISION JAM. If collision occurs 
during the transmission of the preamble, the LANCE continues 
to send the preamble followed by a JAM pattern. If collision 
occurs after the preamble, the LANCE sends the JAM pattern 
following the transmission of the current byte. The JAM pattern 
is any pattern except the CRC bytes. 


COLLISION DURING RECEPTION 


If CLSN becomes asserted during the reception of a packet, 
this reception is immediately terminated. The action taken 


depends on the timing of collision detection. The packet is 
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rejected and the Silo pointer is reset if the collision occurs 
within six byte times (4.8us) because of an address mismatch. 
The packet is rejected as a runt packet if the collision occurs 
within 64 byte times (51.2us). If a collision occurs after 64 byte 
times (late collision), a truncated packet is written to the 
memory buffer with the CRC error bit usually set in the Status 
Word of the receive ring. Late collision error is not recognized 
in receive mode. 


COLLISION DURING TRANSMISSION 

When a transmission is terminated due to the assertion of 
CLSN (a collision within the first 64 byte times of the packet), 
the LANCE retries it 15 times. The LANCE does not re-read the 
descriptor entries from the TX ring upon each collision. The 
descriptor entries for the current buffer are internally saved. 
The scheduling of the retransmissions is determined by a con- 
trolled randomized process called “truncated binary exponen- 
tial backoff’. Upon the completion of the COLLISION JAM 
interval, the LANCE calculates a delay before retransmitting. 
The delay is an integral multiple of the slot time. The slot time is 
64 byte times (512 bit times). The number of slot times to delay 
before the nth retransmission is chosen as a uniformly dis- 
tributed random integer in the range of: 


O<r< 2k 
where: k = minimum (n, 10) 
For example, if this is the third retry, 


n=3 
k = min(3,10) = 3. 
23 = 8 


Therefore, r is a random number from zero to eight. 


lf all 16 attempts fail, the LANCE sets the RTRY bit in the 
current Transmit Message Descriptor 3 (TMD3) in memory, 
gives up ownership (sets the own bit to zero) for this packet, 
and processes the next packet in transmit ring for transmis- 
sion. If a late collision occurs, the LANCE does not transmit the 
same packet again. It terminates the transmission, notes the 
LCOL error in TMD3, and transmits the next packet in the ring. 


COLLISION - MICROCODE INTERACTION 

The microprogram uses the time provided by Collision Jam, 
Interpacket Delay, and the backoff interval to restore the ad-. 
dress and byte counts internally and to start loading the Silo in 
anticipation of retransmission. To utilize the channel properly, it 
is important that the LANCE be ready to transmit when the 
backoff interval elapses. 


TIME DOMAIN REFLECTOMETRY 


The LANCE contains a time domain reflectometry counter 
(TOR). The TDR counter is ten bits wide. It counts at a 1OMHz 
rate. It is cleared by the microprogram and counts upon the 
assertion of RENA during transmission. Counting stops if 
CLSN becomes true or if RENA goes inactive. The counter 
does not wrap around. When the counter reaches a value of all 
ones, that value is held until it is cleared. The value in the TDR 
is written into memory following the transmission of the packet. 
TDR is used to determine the location of suspected cable 
faults. 


COLLISION PAIR TEST (HEARTBEAT, SQE) 


An open in the cable causes a reflection which the coaxial 
cable transceiver detects as a collision. A short in the cable 
causes RENA not to become active or to drop out after becom- 
ing active. During the Interpacket Delay following the negation 
of TENA, the CLSN input is asserted (as a result of collision 
becoming active) by some transceivers as a self-test called 
Heartbeat or SQE (Signal Quality Error) test. If the CLSN input 
is not asserted within 2.0us following the completion of 
transmission (after TENA goes low), then the LANCE will set 
the CERR bit in CSRo. CERR error does not cause an interrupt 
to occur (INTR = 0). 


1.8.3. ERROR REPORTING AND 
DIAGNOSTICS 


Extensive error reporting is provided by the LANCE. Error con- 
ditions reported relate to either the network as a whole or to 
data packets. Network-related errors are recorded as flags in 
the CSRs and are examined by the CPU following interrupt. 
Packet-related errors are written into descriptor entries corres- 
ponding to the packet. 


System-related errors include: 
1. Babbling Transmitter — Transmitter attempting to transmit 
more than 1518 data bytes in one packet. 


2. Collision — Collision detection circuitry non-functional. 
3. Missed Packet — Insufficient buffer space. 
4. Memory Timeout — Memory response failure 


Packet-related errors include: 
1. CRC — Invalid data 


2. Framing — Packet did not end on byte boundary 


3. Overflow/Underflow — Abnormal latency in servicing a 
DMA request 


4. Buffer — Insufficient buffer space available 


The LANCE performs several diagnostic routines that enhance 
the reliability and integrity of the system. These include a CRC 
logic check and two loopback modes (internal/external). Errors 
may be introduced into the system to check error detection 
logic. A Time Domain Reflectometer is incorporated into the 
LANCE to aid system designers to locate faults in the Ethernet 
cable. Shorts and opens manifest themselves in reflections 
that are sensed by the TDR. . 


CYCLIC REDUNDANCY CHECK (CRC) 

The LANCE utilizes the 32 bit CRC function used in the 
Autodin-il network. Refer to the Ethernet specification (Section 
6.2.4 Frame Check Sequence Field and Appendix C, CRC 
implementation) for more detail. The LANCE requirements for 
the CRC logic are: 


1. TRANSMISSION — Mode bit 2 (LOOP) = 0, Mode bit 3 
(DTCR) = 0. The LANCE calculates the CRC from the first 
bit following the Start bit to the last bit of the data field. The 
CRC value inverted is appended to the transmission in one 
unbroken bit stream. 

2. RECEPTION — Mode bit 2 (LOOP) = 0. The LANCE per- 
forms a check on the input bit stream from the first bit follow- 
ing the Start bit to the last bit in the frame. The LANCE 
continually samples the state of the CRC check on framed 


byte boundaries and, when the incoming bit stream stops, 
the last sample determines the state of the CRC error. 
Framing error (FRAM) is not reported if there is no CRC 
error. 


3. LOOPBACK — Mode bit 2 (LOOP) = 1, Mode bit 3 
(DTRC) = 0. The LANCE generates and appends the CRC 
value to the outgoing bit stream as in transmission but does 
not perform the CRC check of the incoming bit stream. 


4. LOOPBACK — Mode bit 2 (LOOP) = 1, Mode bit 3 
(DTRC) = 1. The LANCE performs the CRC check on the 
incoming bit stream as in reception but does not generate or 
append the CRC value to the outgoing bit stream during 
transmission. 


LOOPBACK 


The LANCE normally operates as a half-duplex device. 
However, to provide an on-line operational test of the LANCE, 
a pseudo-full duplex mode is provided. In this mode, simulta- 
neous transmission and reception of a loopback packet are 
enabled with the following constraints: 


1. The packet length must be from eight to 32 bytes long, 
exclusive of the CRC bits. 


2. Serial transmission does not begin until the Silo contains 
the entire output packet. 


3. Moving the input packet from the Silo to the memory does 
not begin until the serial input bit stream terminates. 


4. CRC may be either generated and appended to the output 
serial bit stream or may be checked on the input serial bit 
stream but not both in the same transaction. 


5. In internal loopback, the packets should be addressed to 
the node itself. If not, the chip must be re-initialized with 
non-matching source and destination addresses after each 
test. 


6. In external loopback, multicast addressing can be used only 
when DTCR = 1 is in the mode register. In this case, the 
user needs to append the CRC bytes. 


7. In external loopback, the Silo pointers sometimes get 
misaligned with heavy traffic on the network. It is recom- 
mended that the user repeats the test several times after 
the first time it fails. This can help isolate the failure to Silo 
pointer misalignment or other causes. For detail External 
Loopback Test Procedure, please refer to Appendix C. 


Loopback is controlled by the INTL, DTCR, and LOOP (bits 2, 
3,and 6) of the MODE register. 


1.8.4 BUFFER MANAGEMENT 


A key feature of the LANCE and its on-board DMA channel is 
the flexibility and speed of communication between the LANCE 
and the host microprocessor through common memory loca- 
tions. The basic organization of the buffer management is a 
circular queue of tasks in memory called descriptor rings. Refer 
to Figure 1-6 and Figure 1-7. 


The transmit and receive operations are described by separate 
descriptor rings. Up to 128 tasks may be queued on a descrip- 
tor ring awaiting execution by the LANCE. Each entry in a 
descriptor ring contains a pointer to a data buffer and an entry 
for the length of the buffer. 
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Figure 1-6 LANCE/Processor Memory Interface 
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Data buffers can be chained to handle a packet that is longer 
than the buffer. The LANCE searches the descriptor rings ina 
lookahead operation to determine the next empty buffer when 
chaining is needed or when back-to-back packets are being 
received. As each buffer is filled, an OWN bit in the descriptor 
ring entry is reset, allowing the host processor to process the 
data in the buffer. 


RING ACCESS BY THE LANCE 

After the LANCE is initialized and started, the CPU and the 
LANCE communicate via transmit and receive rings (in 
memory) for packet transmission and reception. The LANCE 
contains eight 16-bit registers. The first four registers store the 
four entries in the descriptor that points to the current buffer. 
The other four registers store the same information for the 
descriptor that points to the next buffer to be processed (the 
lookahead buffer). Refer to Figure 1-2. 


TRANSMIT RING BUFFER MANAGEMENT 

After the LANCE has been initialized, wnenever the Ethernet is 
inactive, the LANCE automatically polls the first transmit ring 
entry in memory. The polling occurs every 1.6ms and consists 
of reading the status word (TMDy,) of the transmit ring entry 
until it finds the OWN bit and STP bit set to one. The OWN bit 
set to one in the transmit ring indicates a buffer ready to be 
transmitted. The STP bit indicates that this is the start of a 
packet. 


When the LANCE finds that a buffer is to be transmitted, it 
transfers the low order bits of the buffer address from TMDo 
and byte count from TMDo into the current buffer pointer in 
LANCE. Each of these memory reads is done with a separate 
arbitration cycle for each transfer. The high. order bits of the 
address are in TMD, which have already been transferred. 


If the packet is larger than the buffer, the buffers are data- . 


chained and the ENP (end of the packet) is zero in all of the 
buffers except the buffer containing the end of the packet. If 
ENP equals zero for the buffer being transmitted, the LANCE 
does one lookahead for the next buffer. The lookahead is done 
in between data transfers to or from the Silo. It consists of one 
single word DMA read (TMD;) to find out if it owns the buffer 
and two more reads, (TMDg and TMDo) if it does own it. 


If LANCE does own the next buffer, it transfers the address and 
byte count of this buffer into the lookahead buffer in the 
LANCE. After the LANCE completes transferring the current 
buffer into the Silo, it clears the OWN bit for this buffer and 
immediately starts loading the Silo from the next buffer. 


If the LANCE finds during the lookahead that it does not own 
the next transmit Descriptor Table Entry (DTE), it will transmit 
the current buffer and update the status of the current ring 
entry by setting the BUFF bit in TMD3. BUFF error causes the 
transmit section of the LANCE to turn off (CSRo, TXON = 0). 
The chip has to be re-initialized to turn transmitter on. 


While transmitting, if a RTRY or LCOL (late collision) occurs, 
the LANCE stops transmitting the packet. It clears the OWN bit 
in TMD, and sets the TINT bit in CSRo causing an interrupt if 
INEA = 1 (interrupts enabled). The LANCE does not transmit 
the remainder of the buffers in this packet. Instead, it clears the 
own bit and sets the TINT bit in each Descriptor Table Entry it 
polls until it finds a buffer with both the STP bit and OWN bit set 
indicating the start of the next packet to send. 
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When the transmit buffers are not data-chained (current 
descriptors ENP = 1), the LANCE does not perform any 
lookahead operation. It transmits the current buffer and 
updates the status TMD, (and TMDs3 if an error occurred) and 
then clears the OWN bit in TMD1. The LANCE immediately 
checks the next descriptor in the ring to see if another packet is 
ready to be sent. If it is ready, the LANCE proceeds to read the 
buffer address and byte count and to transmit the packet. If no 
packet is ready, it resumes polling the ring every 1.6ms. 


After each complete packet has been transmitted from the Silo 
to the cable, the LANCE updates the status in TMD, (and 
TMDg if an error occurred). Then it releases the last buffer of 
the packet to the CPU. It then immediately polls the transmit 
descriptor ring for another packet to send. This guarantees the 
back-to-back transmission of packets when packets are ready 
to transmit. . 


RECEIVE RING BUFFER MANAGEMENT 


When the receiver is enabled, the LANCE polls the first receive 
ring entry once every 1.6 ms for buffer ownership so that it will 
be ready for the next incoming packet. After the LANCE owns a 
buffer, it reads the remainder of the buffer address (from 
RMDpo) and the byte count (from RMD>2) into the current buffer 
in the LANCE. After the LANCE has filled the first buffer with 
data from a received packet, it polls the next receive descriptor 
ring entry for the next buffer to fill. 


When a packet arrives from the cable, and the LANCE does 
not own any buffer, it polls the receive ring entry once for the 
buffer. If it does not get the buffer, it sets the MISS error bit in 


~ CSRo and does not poll the receive ring entry again until the 


packet ends. (In the previous revision, Rev.B, the LANCE 
polled the entry every few microseconds until it either received 
the buffer or the Silo overflowed.) 


Assuming that the LANCE owns a buffer when a packet arrives 
from the cable, the LANCE does one lookahead operation in 
between periods of data transfer from the Silo. The LANCE 
needs to have a buffer ready in case the current buffer needs 
data-chaining. The lookahead operation consists of one single 
word DMA read (RMD;) to find out if it owns the buffer and two 
more reads, (RMDp and RMDz) if it does own it. 


Whether the LANCE owns the next buffer or not, it will transfer 
data from the Silo to the current buffer in burst mode (eight 
words for each DMA arbitration cycle). If the packet being 
received requires data-chaining and the LANCE does not own 
the next buffer, the LANCE updates the current buffer status by 
setting the BUFF error bit. 


If the LANCE does own the next buffer and needs data- 
chaining, when the first buffer is full it releases it by clearing the 
OWN bit. It then starts filling the next buffer. In between data 
transfers from the Silo, it does one lookahead operation for 
ownership of the next buffer to be ready for more data-chaining 
if needed. 


After each complete packet has been received and transferred 
from the Silo to the buffers, the LANCE updates the status in 
RMD, (and RMDz if an error occurred). Then it releases the 
last buffer of the packet to the CPU. 


1.8.5 LANCE INTERFACE 


CSR bits such as ACON, BCON, and BSWP are used for pro- 
gramming the pin functions used for different interfacing 
schemes. For example, ACON is used to program the polarity 
of the Address Strobe signal ALE/AS. 


BCON is the byte control bit that redefines the BYTE MASK I/O 
pins to handle odd address boundaries and redefines the 
HOLD 1/O pin for daisy-chain operation when BCON = 1. In 
addressing word organized, byte addressable memories 
(BCON = 1), the BYTE signal is decoded along with the least 
significant address bit to determine odd or even (upper or lower 
byte) byte address. 


When BCON = 1 ina daisy-chain operation, the BMj pin is 
used as BUS AKO the HOLD pin is used as BUSRQ and the 
pin HLDAis used. When a DMA controller is used for arbitra- 


tion, only the HOLD and HLDA pins are used. 


When BCON = 0, the BYTE MASK pins 15 and 16 (BMo and 
BM) are used to specify byte selection on the DAL lines as 
whole word, upper byte, lower byte, or none. 


All data transfers from the LANCE in the Bus Master mode are 
timed by ALE, DAS, and READY . The automatic adjustment 
of the LANCE cycle by the READY signal allows synchroniza- 
tion with variable cycle time memory due either to memory 
refresh or to dual port access. Bus cycles are a minimum of 
600ns duration and can be increased in 100ns increments. 


READ SEQUENCE (Master Mode) 

The read memory cycle is started by placing valid addresses 
on DALgo9-DAL15 and A;6-Ao3. The BYTE MASK signals are 
asserted to indicate a word, upper byte, or lower byte memory 
reference. READ indicates the type of cycle. ALE or AS are 
pulsed and the trailing edge of either can be used to latch 
addresses. DALgg-DAL15 go into a 3-state mode and DAS 
falls low to signal the beginning of the memory access. The 
memory responds by placing READY low to indicate that the 
DAL lines have valid data. The LANCE then latches memory 
data on the rising edge of DAS which in turn ends the memory 
cycle and READY returns to high. 


Data transfers between the bus transceivers and the LANCE 
are controlled by the DALI and DALO lines. DALI diverts data 
toward the LANCE. DALO diverts data or addresses away 
from the LANCE. During a read cycle, DALO goes inactive 
before DALI becomes active to avoid “spiking” the bus 
transceivers. 


WRITE SEQUENCE (Master Mode) 
The write to memory cycle is similar to the read cycle except 
that the DAL lines change from containing addresses to 


containing data after ALE or AS goes inactive. After data is 


valid on the bus, DAS goes active. Data to memory is held valid _ 


for some time after DAS goes inactive. 


1.8.6 LANCE DMA TRANSFER 
(Bus Master Mode) 


The LANCE has two types of DMA transfers: Burst Mode and 
Single Word transfers. 


BURST MODE 


Burst mode is used for the transfer of packets between the Silo 
and processor memory. Each burst transfer is eight words long 
and is done in one DMA arbitration cycle. After the LANCE 
receives the bus acknowledge (HLDA = low) signal, it does 
eight word transfers using eight DMA cycles (600 ns per cycle 
minimum) before it releases the bus request signal (HOLD = 
low). 


Burst transfers are always eight word transfers unless the buf- 
fer in memory starts on an odd byte boundary or there are 
fewer than eight words remaining to be transferred. If the buffer 
starts on an odd address, one byte and seven words are trans- 
ferred on the first burst transfer. If fewer than eight words 
remain to be transferred at the end of a packet, the burst 
transfer transfers as many full words as remain plus a single 
byte (if any) as the last transfer in the burst. 


SINGLE WORD DMA TRANSFERS | 


The LANCE initiates single word DMA transfers to access the 
Transmit Descriptor Ring, Receive Descriptor Ring, and In- 
itialization Block. The LANCE does not initiate any burst trans- 
fers when it owns the descriptor and is accessing the 
descriptor entries (an average of 3 to 4 separate DMA cycles 
are required for a multi-buffer packet) or when it is reading the 
Initialization Block. 


1.8.7 SILO OPERATION 


The Silo provides temporary buffer storage for data being 
transferred between the parallel bus I/O pins and the serial bus 
I/O pins in the LANCE. The capacity of the Silo is 48 bytes. It is 
a first in first out (FIFO) buffer. 


TRANSMIT 

Data is loaded into the Silo from memory under internal micro- 
program control. The Silo must have more than eight words (16 
bytes) empty before the LANCE requests the DMA bus (by 
asserting HOLD). Tne LANCE starts sending the preamble to 
the cable (providing the line is idle) as soon as the first byte is 
loaded into the Silo from memory. If a collision is detected 
causing the transmitter to back off, loading the Silo continues 
until it contains 32 bytes ready for transmission. Reception has 
priority over transmission during the time that the transmitter is 
backing off. 


RECEIVE 

Data from the cable is loaded into the Silo through the serial 
input shift register during reception. Data is transferred from 
the Silo into memory under internal microprogram control. The 
LANCE waits until the Silo has at least eight words (16 bytes) 
of data before initiating a DMA burst transfer. Neither the 
preamble nor the sync is loaded into the Silo during reception. 


MEMORY BYTE ALIGNMENT 

Memory buffers begin and end on arbitrary byte boundaries. 
Parallel data is byte-aligned between the Silo and DAL lines 
(DALp-DAL 15). Byte alignment can be reversed by setting the 
Byte Swap (BSWP) BIT in CSR3. Byte Swap (BSWP = 1) is 
done only on transfers between the Silo and memory. Refer to 
Table 1-2. 
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Table 1-2. Silo - Memory Byte Alignment 


Word/byte 
in Memory 


Word from: 
even memory 
address 


Byte from 
even memory 
address 


Byte from 
odd memory 
address 


Word to 
even memory 
address 


Byte to 
even memory 
address 


Byte to 
odd memory 
address 


1.8.8 ETHERNET/IEEE 802.3 INTERFACE | 


The Ethernet (or IEEE 802.3 standard) is the data link and 
physical level in the communication system. Tne LANCE per- 
forms the encapsulation/decapsulation function of the data link 
layer and also interfaces the Ethernet through a Serial Inter- 
face Adapter (SIA) (Am7992) and a transceiver (Am7995). 


A typical Ethernet/IEEE802.3 node is shown in Figure 1-8. This 
figure also shows a Cheapernet for comparison. Cheapernet 
costs less because it does not require a drop cable to the 
transceiver. The transceiver is a part of the DTE. The bulky 
Ethernet coaxial cable and tap connection is replaced by Rg58 


cable and BNC connectors. Cheapernet runs at the same © 


speed as Ethernet. 


SERIAL TRANSMISSION 

Serial transmission consists of sending an unbroken bit stream 

from the TX I/O pin of the LANCE. The bit stream has the 

following format: (Refer to Figure 1-9) 

1. Preamble: A stream of alternating ones and zeros 62 bits 
long supplied by LANCE. 


2. Sync.: Two successive ones following the preamble sup- 
plied by LANCE. 


3. Destination Address: Six byte address supplied by user. 
4. Source Address: Six byte address supplied by user. 


5. Type: Two byte field for type or length information supplied 
by user. 

6. Data: 46 to 1500 bytes of data serialized with the LSB firs 
supplied by user. 
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7. CRC: Four byte cyclic redundancy check code supplied by 
LANCE. It is an inverted 32 bit polynomial calculated from 
the address, type field, and data field. It is not transmitted if 
the transmission of the data field is truncated for any rea- 
son, CLSN becomes asserted (collision detected), or 
MODE <3> DTCR = 1 in a normal or loopback transmis- 
sion mode. 


The format for the IEEE 802.3 MAC Frame is shown in Figure 
1-10. It is almost identical to the Ethernet format except for the 
labeling and a pad preceding the CRC. The preamble is 
shorter and the sync is longer but the code is identical. 


Transmission is indicated at the I/O pin by the assertion of 
TENA with the first bit of the preamble. TENA is negated after 
the last transmitted bit. 


The LANCE starts transmitting the preamble when all of the 

following conditions are met: 

1. There is at least one byte of data to be transmitted in the 
Silo. 


2. No carrier detected. Both RENA and CLSN are inactive. 
3. The interpacket delay has elapsed. 
4. lf a retransmission, the backoff interval has elapsed. 


The Interpacket Gap Time (IPG) for back to back transmission 
is 9.6 to 10.6 microseconds including synchronization. The 
interpacket delay interval begins immediately after the nega- 
tion of the RENA signal. During the first 4.1 us of the IPG, 
RENA is masked internally. 


When the LANCE is waiting for the interpacket delay to elapse, 
it begins transmission immediately after the interpacket delay 
interval, independent of the state of RENA. However, RENA 
must be asserted during the time that TENA is high. Otherwise, 
the LCAR (loss of carrier) bit is set in TMDg after the packet 
has been transmitted. 


SERIAL RECEPTION 

Serial reception consists of receiving an unbroken bit stream 
on the RX I/O pin of the LANCE. The Destination Address and 
data are framed into bytes and enter the Silo. The Source 
Address and Type field are part of the data which are transpar- 
ent to the LANCE. They pass through the Silo into memory 
along with the CRC. The LANCE strips off the preamble and 
sync bits. Refer to Figure 1-9 and Figure 1-10. The format is: 


1. Preamble/Start bit: Two ones occurring a minimum of eight 
bit times after the assertion of RENA. The last one is the 
Start bit. 


2. Destination Address: The 48 bits (six bytes) following the 
start bit. 


3. Data: The serialized byte stream following the Destination 
Address. The last four complete bytes are the CRC. 


Reception is indicated at the I/O pin by. the assertion of RENA 
and the presence of clock on RCLK while TENA is inactive. 
After the eighth RCLK, (about 800ns), after RENA is asserted 
(goes high), the LANCE samples the incoming bits looking for 
the sync bits “11” following a zero. After it finds the sync bits, it 
starts calculating CRC on the incoming bits and loading the 
Silo on byte boundaries. . 


ETHERNET 


Am7996 
ANSCEIVER 


LOCAL 
MEMORY 


Am7990 
LANCE 


Am7992B 
SIA 


POWER 
SUPPLY 
AUI — ATTACHMENT UNIT INTERFACE 

DTE — DATA TERMINAL EQUIPMENT 


SE NT SE 


MAU — MEDIA ACCESS UNIT DTE 
CHEAPERNET ‘a 
Re eee ee eg ge ee eg ee ee ETHERNET 
| COAX 
| LOCAL Am7990 RG58 
| MEMORY LANCE BNC “T” 
| LOCAL BUS 
05998A-2 
Figure 1-8 Typical Ethernet/IEEE 802.3 Node 
PREAMBLE SYNC | DEST. | SOURCE TYPE DATA FCS 
1010... 1010 |1 1] ADR ADR 
62 2 6 6 2 46-1500 4 
BITS BITS BYTES BYTES BYTES BYTES BYTES 
05726A-22 
Figure 1-9 Ethernet Frame Format 
—— 
PREAMBLE SFD DEST. | SOURCE LLC | 
1010... 1010 [10101011] ADR ADR LENGTH | DATA | PAD | FCS 
| 
mt 
56 8 6 6 2 46-1500 4 
BITS BITS BYTES’ BYTES BYTES BYTES BYTES 
05726A-23 


Figure 1-10 IEEE 802.3 MAC Frame Format 
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The LANCE discards packets with less than 64 bytes (runt 
packet) and reuses the receive buffer for the next packet. This 
is the only case when the LANCE discards a packet. A runt 
packet is normally the result of a collision. 


If RENA is asserted and remains asserted during the first 4.1us 
of IPG following a receive, the LANCE will not receive the 
packet. If this condition occurs following a transmit, the LANCE 
starts to look for the sync bits (011) about 800ns (8 bit times) 
after the 4.1us window has elapsed. Therefore, the packet may 
be received correctly if at least 8 bits of the preamble are 
received after the 4.1us window. Otherwise, the packet may 
contain a CRC error. (The LANCE may be locking to a sync 
pattern in the middle of data.) The packet may be discarded 


because the loss of data during the 4.1us window made it a 


runt packet. 


If RENA is asserted after the 4.1us window, the LANCE treats 
this as the start of a new packet. It starts to look for the sync 
bits 8 bit times after RENA becomes active. 


When a received packet terminates, if it does not end on a byte 
boundary, a framing error has occurred. The number of bits left 


over after the last full byte are called dribbling bits. The framing 


error is reported to the user as follows: 


1. If there is no CRC error, then no framing error is reported 
(FRAM = 0) regardless of the number of dribbling bits. 


2. If there is a CRC error, then the framing error is reported 
(FRAM = 1) if there are one or more dribbling bits. 


3. If there are no dribbling bits, there is no framing error. There 
may or may not be a CRC error. 


THE LANCE RECOVERY AND RE-INITIALIZATION 
The transmitter and receiver section of the LANCE are turned 
on via the Initialization Block, Mode Register DRX and DTX 
bits. The state of the transmitter and the receiver are monitored 
through the CSRo RXON, TXON bits). The LANCE must be 
re-initialized to transmit/receive if the transmitter and/or 
receiver has not been turned on during the original initializa- 
tion. The LANCE must also be re-initialized if either section 
shuts off because of an error (MERR, UFLO, TX BUFF). 


The LANCE should be re-initialized with care. The user should 
rearrange the descriptors in the transmit and receive rings prior 
to re-initialization. This is necessary because the transmit and 
receive descriptor ring pointers are reset to the beginning of 
the rings during initialization. 


To re-initialize the LANCE, the user must stop the LANCE by 
setting the stop bit in CSRo prior to setting the INIT bit (in 
CSRo). Because setting the stop bit clears CSRa, this register 
must be reprogrammed unless default values are used for 
BCON, ACON, and BSWP. CSR; and CSRo must be reloaded 
when the STOP bit is set. 


The LANCE may be restarted without initialization by setting 
the STRT bit in CSRo. The STRT bit starts the LANCE in 
accordance with the parameters setup in the Mode register. If 
DTX and DRX are set to zero in the Mode Register, the 
transmitter and the receiver will be turned on again when the 
STRT bit is set. However, this method of restart is not recom- 
mended if the LANCE stopped in the middle of a transmission 
or reception or if the buffers are data-chained. 
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ETHERNET/IEEE 802.3 DIFFERENCES 

The only differences in the frame formats are: 

1. The Ethernet labels the first 62 bits preamble and the next 
two bits sync. The IEEE 802.3 labels the first 56 bits 
preamble and the next 8 bits sync (SFD). The coding of the 
first 64 bits is identical. 


2. The Ethernet has a two-byte type field to specify the type of 
packet. The length is not specified in the packet. The 
LANCE supplies the packet length during reception. The 
packet length consists of all the bits starting at the destina- 
tion address and ending with the last byte of the packet. The 
Ethernet frame consists of the packet plus the preamble. 


3. The IEEE 802.3 has no type field but in its place is a two- 
byte length field to specify the amount of data in the packet. 


4. The IEEE 802.3 has a pad field at the end of the data 
portion and preceding the CRC. The use of a pad allows the 
user to send and receive packets that have less than 64 
bytes of data. In contrast, Ethernet requires a minimum 
packet size of 64 bytes for packets that are not data- 
chained and 100 bytes for packets that are data-chained. 


5. Ethernet, Version 2, specifies that the collision detect of the 
transceiver must be activated during the interpacket gap 
time. 


1.9 LANCE REGISTERS AND 
BUFFERS 


There are four Control and Status Registers (CSRs) resident 
within the chip. CSRo contains the current status information 
during operation and the Start, Stop, and Initialize control sig- 
nals. CSR; and CSR» contain the address in memory of the 
Initialization Block. CSR3 contains control bits for Byte Swap, 
ALE Control, and Byte Control. These registers are described 
following a description of the two ports used to access the 
CSRs. The CSRs are accessed through two bus-addressable 
ports, an address port (RAP) and a data port (RDP). 


1.9.1 ADDRESS AND DATA PORTS 


The CSRs are accessed in a two-step operation. The address 
of the CSR to be accessed is written into the address port 
(RAP) during a bus slave transaction. During a subsequent bus 
slave transaction, the data being read from (or written into) the 
data port (RDP) is read from (or written into) the CSR selected 
in the RAP. 


Once written, the address in RAP remains unchanged until 
rewritten. 


To distinguish the data port from the address port, a discrete 
I/O pin is provided. 


ADR I/O Pin Port 
L Register Data Port (RDP) 
H Register Address Port (RAP) 


15 


REGISTER ADDRESS PORT (RAP) 


2 1 0 


Bit Name 
15:02 RES 
01:00 CSR(1:0) 


| = CSR SELECT 
RESERVED 


1.9.2 CONTROL AND STATUS REGISTERS 
CONTROL AND STATUS REGISTER 0 — 


15 14 13 12 1110 9 8 7 6 5 4 3 


ERR INIT 

GABE STRT 

AFoo1490 CERR STOP 

MISS TOMD 

MERR TXON 

ae RINT RXON 

Description TINT nen 

Reserved and read as zeroes. IDON INTR 
CSR address select. READ/WRITE. 

Ss AFOO0860 


Selects the CSR to be accessed through 
the RDP. RAP is cleared by Bus RESET. 


CSR(1:0) CSR 


00 CSRo 
01 CSR, 
10 CSRo 
11 CSR3 


REGISTER DATA PORT (RDP) 


15 


0 


CSR DATA 


Bit Name 
15:00 CSR Data 


AF001450 


Description 


Writing data into RDP writes the data into 
the CSR selected in RAP. Reading the data 
from the RDP reads the data from the CSR 
selected in RAP. CSR, CSRoa and CSR3 
are accessible only when the STOP bit of 
CSRo is set. 


If the STOP bit is not set while attempting 
to access CSR, CSRoa or CSRz3, the chip 
will return READY, but a READ operation 
will return undefined data. WRITE opera- 
tion is ignored. 


The LANCE updates CSRpo by logical “OR’ing the previous 
and present value of CSRo. CSRo is accessible wnen RAP = 
00. 


Bit Name Description 


15 ERR ERROR summary is set by the “OR” of BABL, 
CERR, MISS and MERR. ERR remains set as 
long as any of the error flags are true. 


ERR is read only; writing to it has no effect. It 
is cleared by Bus RESET, by setting the 
STOP bit, or clearing the individual error flags. 


14 BABL BABBLE is a transmitter timeout error. It indi- 
cates that the transmitter has been on the 
channel longer than the time required to send 
the maximum length packet. 


BABL is a flag which indicates excessive 
length in the transmit buffer. It is set after 1519 
data bytes have been transmitted; the chip 
continues to transmit until the whole packet is 
transmitted or there is a failure. When BABL 
error occurs, an interrupt is generated if INEA 
= |, 


BABL is READ/CLEAR ONLY. It is set by the 
LANCE and cleared by writing a “1” into the 
bit. Writing a “O” has no effect. It is cleared by 
RESET or by setting the STOP bit. 


13 CERR COLLISION ERROR is a collision after 
transmission transceiver test feature. It indi- 
cates that the collision input to the LANCE 
failed to activate within 2us after a LANCE- 
initiated transmission was completed. This 
function is also known as heartbeat. 


CERR is READ/CLEAR ONLY. It is set by the 
chip and cleared by writing a “1” into the bit. 
Writing a “O” has no effect. It is cleared by 
RESET or by setting the STOP bit. 
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Bit 
12 


11 


10 


09 


08 
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Name 
MISS 


MERR 


RINT 


TINT 


IDON 


Description © 


MISSED PACKET is set when the receiver 
loses a packet because it does not own a 
receive buffer and the silo has overflowed, in- 
dicating loss of data. 


Silo overflow is not reported because there is 
no receive ring entry in which to write status. 


When MISS is set, an interrupt is generated if 
INEA = 1. 


MISS is READ/CLEAR ONLY. It is set by the 


LANCE and cleared by writing a “1” into the 


bit. Writing a “O” has no effect. It is cleared by 
RESET or by setting the STOP bit. 


MEMORY ERROR is set when the LANCE is 
the Bus Master and has not received READY 
within 25.6us after asserting the address on 
the DAL lines. 


When a Memory Error is detected, the 
receiver and transmitter are turned 
off and an interrupt is generated if 
INEA = 1. 


MERR is READ/CLEAR ONLY. It is set by the 
LANCE and cleared by writing a “1” into the 
bit. Writing a “O” has no effect. It is cleared by 
RESET or by setting the STOP bit. 


RECEIVER INTERRUPT is set when the 
LANCE updates an. entry in the Receive 
Descriptor Ring for the last buffer received 
before fall of carrier. 


When RINT is set an interrupt is generated if 
INEA = 1. | 


RINT is READ/CLEAR ONLY. It is set by the 
LANCE and cleared by writing a “1” into the 
bit. Writing a “O” has no effect. It is cleared by 
RESET or by setting the STOP bit. 


TRANSMITTER INTERRUPT is set when the 
LANCE updates an entry in the transmit 
descriptor ring for the last buffer sent or 
transmission is stopped due to a failure. 


When TINT is set, an interrupt is generated if 
INEA = 1. 


TINT is READ/CLEAR ONLY and is set by the 
LANCE and cleared by writing a “1” into the 
bit. Writing a “O” has no effect. It is cleared by 
RESET or by setting the STOP bit. 


INITIALIZATION DONE indicates that the chip 
has completed the initialization procedure 
Started by setting the INIT bit. The LANCE has 
read the Initialization Block from memory and 
stored the new parameters. 


When IDON is set, an interrupt is generated if 
INEA = 1. 


IDON is READ/CLEAR ONLY. It is set by the 
LANCE and cleared by writing a “1” into the 
bit. Writing a “O” has no effect. It is cleared by 
RESET or by setting the STOP bit. 


Bit 
07 


06 


05 


04 


03 


Name 
INTR 


INEA 


RXON 


TXON 


TDMD 


Description 


INTERRUPT FLAG is set by the “OR” of 
BABL, MISS, MERR, RINT, TINT and IDON. If 
INEA = 1, the INTR pin will be low. 


INTR is READ ONLY; writing this bit has no. 
effect. INTR is cleared by RESET, by setting 
the STOP bit, or 
by clearing the condition causing the 
interrupt. 


INTERRUPT ENABLE allows the INTR I/O pin 
to be driven low when the Interrupt Flag is set. 
lf INEA = 1 and INTR = 1, the INTR //O pin 
will be high, regardless of the state of the Inter 
rupt Flag. 


INEA is READ/WRITE and cleared by RESET 
or by setting the STOP bit. 


INEA cannot be set while STOP bit is set. 
INEA can be set in parallel or after INIT and/or 
STRT bit is set. 


RECEIVER ON indicates that the receiver is 
enabled. RXON is set when STRT is set if 
DRX = 0 in the MODE register in the Initializa- 
tion Block and the Initialization Block has been 
read by the LANCE by setting the INIT bit. 
RXON is cleared when IDON is set from set- : 
ting the INIT bit and DRX = 1 in the MODE 
register, or a memory error (MERR) has oc- 
curred. RXON is READ ONLY; writing this bit 
has no effect. RXON is cleared by RESET or 
by setting the STOP bit. 


TRANSMITTER ON indicates that the 
transmitter is enabled. TXON is set when 
STRT is set if DTX = Oin the MODE register in 
the Initialization Block and the INIT bit has 
been set. TXON is cleared when IDON is set 
and DTX = 1 inthe MODE register or an error, 
such as MERR, UFLO or BUFF, has occurred 
during transmission. 


TXON is READ ONLY; writing this bit has no 
effect. TXON is cleared by RESET or by set- 
ting the STOP bit. 


TRANSMIT DEMAND - when set - causes the 
LANCE to access the Transmit Descriptor 
Ring without waiting for the polling time inter- 
val to elapse. TDMD need not be set to 
transmit a packet; it merely hastens the chip’s 
response to a Transmit Descriptor Ring entry 
insertion by the host. 


TDMD is WRITE WITH ONE ONLY and is 


cleared by the microcode after it is used. It 


may read as a “1” for a short time after it is 
written because the microcode may have 
been busy when TDMD was set. It is also 
cleared by RESET or by setting the STOP bit. 
Writing a “O” in this bit has no effect. 


Bit Name _ Description 


02 STOP STOP disables the chip from all external ac- 
tivity when set and clears the internal logic. 
Setting STOP is the equivalent of asserting 
RESET. The LANCE remains inactive and 
STOP remains set until the STRT or INIT bit is 
set. lf STRT, INIT and STOP are ail set to- 
gether, STOP overrides the other bits and only 
STOP will be set. ' 


STOP is READ/WRITE WITH ONE ONLY 
and setby RESET. Writing a“0” to this bithas 
no effect. STOP is cleared by setting either 
INIT or STRT. 


START enables the LANCE to send and 
receive packets, perform direct memory ac- 
cess, and do buffer management. STOP bit 
must be set prior to setting the STRT bit. Set- 
ting STRT clears the STOP bit. 


INIT and STRT must not be set in the same 
cycle. Set INIT first and wait for IDON 
(IDON=1) before setting STRT bit. INIT is 
READ/WRITE WITH ONE ONLY. Writing a “O” 
into this bit has no effect. STRT is cleared by 
RESET or by setting the STOP bit. 


INITIALIZE, when set, causes the chip to 
begin the initialization procedure and access 
the Initialization Block. STOP bit must be set 
prior to setting the INIT bit. Setting INIT clears 
the STOP bit. 


INIT and STRT must not be set in the same 
cycle. Set INIT first and wait for IDON 
(IDON=1) before setting STRT bit. INIT is 
READ/WRITE WITH “1” ONLY. Writing a “O” 
into this bit has no effect. INIT is cleared by 
RESET or by setting the STOP bit. 


01 STRT 


00 INIT 


CONTROL AND STATUS REGISTER 1 (CSR) 


READ/WRITE: Accessible only when the STOP bit of CSRo is 
a ONE and RAP = 01. 


15 1 0 
AF000970 


Bit Name _ Description 


15:01 IADR The low order 15 bits of the address of the first 
word (lowest address) in the Initialization 
Block. 

00 ~ Must be zero. 


CONTROL AND STATUS REGISTER 2 (CSR) 


READ/WRITE: Accessible only when the STOP bit of CSRo is 
a ONE and RAP = 10. 


15 8 7 0 


AF000920 


Bit Name 
15:08 RES 
07:00 IADR 


Description 
Reserved. 


The high order 8 bits of the address of the first 
word (lowest address) in the Initialization 
Block. 


CONTROL AND STATUS REGISTER 3 (CSR3) 
CSR3 allows redefinition of the Bus Master interface. 
READ/WRITE: Accessible only when the STOP bit of CSRo is 


ONE and RAP = 11. CSRg is cleared by 
RESET or by setting the STOP bit in CSRo. 


15 3 2 1 =O 


BCON 
ACON 
BSWP 
RES 


AF000900 


Bit Name _ Description . 
15:03 RES Reserved and read as “0”. 
02 BSWP_ BYTE SWAP allows the LANCE to operate in 


systems that consider bits (15:08) of data to 
be at an even address and bits (07:00) to be at 
an odd address. 


When BSWP = 1, the LANCE will swap the 
high and low bytes on DMA data transfers be- 
tween the silo and bus memory. Only data 
from silo transfers is swapped; the Initializa- 
tion Block data and Descriptor Ring entries are 
NOT swapped. 


BSWP is READ/WRITE and cleared by 
RESET or by setting the STOP bit in CSRo. 
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Bit Name _ Description 


01 ACON ALE CONTROL defines the assertive state of 


ALE when the LANCE is a Bus Master. ACON 
is READ/WRITE and cleared by RESET and 
by setting the STOP bit in CSRo. 


ACON’ ALE 
0 Asserted High 
1 Asserted Low 


00 BCON BYTE CONTROL redefines the Byte Mask 
and Hold I/O pins. BCON is READ/WRITE and 
cleared by RESET or by setting the STOP bit 


in CSRo. 
BCON Pin15 = Pint6 ~— Pin 17 
0 BMo BM, HOLD 
1 BYTE BUSAKO BUSRQ 


All data transfers from the LANCE in the Bus Master mode are 
in words. However, the LANCE can handle odd address 
boundaries and/or packets with an odd number of bytes. 


1.9.3 INITIALIZATION BLOCK 


The Initialization Block consists of five registers; Mode Regis- 
ter, Physical Address Register, Logical Address Filter, Receive 
Descriptor Ring Pointer, and Transmit Descriptor Ring Pointer. 
Chip initialization includes the reading of the Initialization Block 
in memory to obtain the operating parameters. 

The Initialization Block is read by the chip when the INIT bit in 
CSRo is set. The INIT bit should be set before or concurrent 
with the STRT bit to insure proper parameter initialization and 
chip operation. After the chip has read the Initialization Block, 
IDON is set in CSRo and an interrupt is generated if INEA = 1. 


The following is a definition of the Initialization Block. 
Highest Address TLEN-TDRA (31:16) IADR + 22 


TDRA (15:00) IADR + 20 
RLEN-RDRA (31:16) IADR + 18 

RDRA (15:00) IADR + 16 

LADRF (63:48) IADR + 14 

LADRF (47:32) IADR + 12 

LADRF (31:16) IADR + 10 

LADRF (15:00) IADR + 08 

PADR (47:32) IADR + 06 

PADR (31:16) _ IADR + 04 

| PADR (15:00) IADR + 02 
Base Address MODE IADR + 00 
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MODE REGISTER 
The Mode Register allows alteration of the chip’s operating 
parameters. Normal operation is with the Mode Register clear. 


15 14 7 6 5 4 3 2 1 «0 
: 


DRX 
DTX 
LOOP 
DTCR 
COLL 
DRTY 
INTL 
RES 
PROM 


AF000510 


Bit Name Description 


15 PROM PROMISCUOUS mode. When PROM = 1, all 
incoming packets are accepted. 


14:07 RES RESERVED. 


06 INTL INTERNAL LOOPBACK is enabled when the 
LOOP bit is set. Internal loopback lets the 
LANCE receive its own transmitted packet. 
Since this represents full duplex operation, the 
packet size is 8-32 bytes. INTERNAL LOOP- 
BACK operates in promiscuous mode and 
when the packets are addressed to the node 
itself. 


If the source and destination are different, the 
LANCE must be re-initialized after each test. 


The LANCE will not receive external packets 
in INTERNAL LOOPBACK mode. 


EXTERNAL LOOPBACK allows the LANCE to 
transmit a packet through the SIA transceiver 
cable out to the Ethernet coax. It is used to 
. determine the operability of all circuitry and 
connections between the LANCE and the co- 
axial cable. Multicast addressing in EXTER- 
NAL LOOPBACK is valid only when DTCR=1 
(user needs to append the 4-byte CRC). 


In EXTERNAL LOOPBACK, the Silo READ/ 
WRITE pointers can get misaligned under 
heavy traffic. The packet may get corrupted, or 
not be received. Therefore, EXTERNAL 
LOOPBACK should be executed several 
times in order to isolate this type of error in 
receiving the lost packet. 


INTL is only valid if LOOP = 1; otherwise it is 


ignored. 
LOOP INTL LOOPBACK 
0 X No loopback, normal 
1 O External 
1 ~ 1 Internal 


Bit 


05 


04 


03 


02 


Name 
DRTY 


COLL 


DTCR 


LOOP 


Description . 


DISABLE RETRY. When DRTY = 1, the 
LANCE will attempt only one transmission of a 
packet. If there is a collision on the first 
transmission attempt, a Retry Error (RTRY) 
will be reported in Transmit Message Descrip- 
tor 3 (TMD3). 


FORCE COLLISION. This bit allows the colli- 
sion logic to be tested. The LANCE must be in 
internal loopback mode of COLL to be vaiid. If 
COLL = 1, a collision will be forced during the 
subsequent transmission attempt. This. will 
result in 16 total transmission attempts with a 
retry error reported in TMD3. 


DISABLE TRANSMIT CRC. When DTCR = 0, 
the transmitter generates and appends a CRC 
to the transmitted packet. When DTCR = 1, 
the CRC logic is allocated to the receiver and 
no CRC is generated or sent with the transmit- 
ted packet. 


During loopback, DTCR = 0 will cause a CRC 
to be generated on the transmitted packet, but 
no CRC check is done by the receiver since 
the CRC logic is shared and cannot generate 
and check CRC at the same time. The 
generated CRC is written into memory with the 
data and can be checked by the host software. 


lf DTCR = 1 during loopback, the host soft- 
ware must append a CRC value to the 
transmit data. The receiver checks the CRC 
on the received data and reports any errors. 
Since the CRC generator is used to generate 
the hash filter, the multicast addressing cannot 
be used when DTCR = 1. 


LOOPBACK allows the LANCE to operate in 
full duplex mode for test purposes. The packet 
size is 8-32 bytes. The received packet can be 
up to 36 bytes (32 + 4 bytes CRC) when 
DTCR=0. During loopback, the runt packet fil- 
ter is disabled because the packet is smaller 
than the minimum size Ethernet packet (64 
bytes). 

LOOP = 1 allows simultaneous trans- 
mission and reception for a message con- 
strained to fit within the Silo. The chip waits 
until the entire message is in the Silo before 
serial transmission begins. The incoming data 
stream fills the Silo from behind as it is being 
emptied. Moving the received message out of 
the Silo to memory does not begin until recep- 
tion has ceased. 


In loopback mode, transmit data chaining is 
not possible. Receive data chaining is possi- 


ble if receive buffers are 32 bytes long to allow 


time for lookahead. 


Bit Name _ Description 


DISABLE THE TRANSMITTER causes the 
LANCE to not access the Transmitter Descrip- 
tor Ring and therefore no transmissions are 
attempted. DTX = 1 clears the TXON bit in 
CSRpg when initialization is complete. 


DISABLE THE RECEIVER causes the chip to 
reject all incoming packets and not access the 
Receive Descriptor Ring. DRX = 1 clears the 
RXON bit in the CSRo when initialization is 
complete. 


PHYSICAL ADDRESS REGISTER (PADR) 

47 1 0 

ee 
AFO00520 


Bit Name 
47:00 PADR 


Description 


PHYSICAL ADDRESS is the unique 48-bit 
physical address assigned to the LANCE. 
PADR (0) must be zero. 


LOGICAL ADDRESS FILTER (LADRF) 


63 0 
LADRF 


AFO00500 


Bit Name _ Description 


63:00 LADRF The 64-bit mask used by the LANCE to accept 
logical addresses. 


If the first bit of an incoming address is a “1” [PADR (0) = 1], the 
address is deemed logical and is passed through the logical 


‘address filter. 


The logical address filter is a 64-bit mask that is used to accept 
incoming Logical Addresses. The incoming address is sent 
through the CRC circuit. After all 48 bits of the address have 
gone through the CRC circuit, the high order 6 bits of the 
resultant CRC are strobed into a register. This register is used 
to select one of the 64-bit positins in the Logical Address Filter. 
If the selected filter bit is a “1” the address is accepted and the 
packet is put in memory. The logical address filter only assures 
that there is a possibility that the incoming logical address 
belongs to the node. To determine if it belongs to the node, the 
incoming logical address that is stored in main memory is 
compared by software to the physical address that was loaded 
through the Initialization Block. 


The Broadcast address, which is all Ones, does not go through 
the Logical Address Filter and is always enabled. If the Logical 
Address Filter is loaded with all zeroes, all incoming logical 
addresses except broadcast will be rejected. 
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RECEIVE DESCRIPTOR RING POINTER Bit Name Description 


31 =2928 24 23 3 2 0 


28:24 RES RESERVED | 
usw} ves] nome | 00 | anion ToRA TRANSMIT DESCRIPTOR RING ADDRESS 


is the base address (lowest address) of the 


AF000490 Transmit Descriptor Ring. 
02:00 MUST BE ZEROES. These bits are TDRA 
ee ee ae (02:00) and must be zeroes because the 
Bit Name Description Transmit Rings are aligned on quadword 


Dy Shi ¢ cat, Bigs 2 F2 ee ne ant en pec EI: SAE Lhe Nee Ara LY yy yy Se boundaries. 
31:29 RLEN RECEIVE RING LENGTH #is the number of 


entries in the receive ring expressed as a 
power of two. 


1.9.4 DESCRIPTOR RINGS 


Buffer Management is accomplished through message 


Number eeu ; 
RLEN of Entries descriptors organized in ring structures in memory. Each mes- 
20 { sage descriptor entry is four words long. There are two rings 
1 5 allocated for the device: a receive ring and a transmit ring. The 
2 4 device is capable of polling each ring for buffers to either empty 
3 3 or fill with packets to or from the channel. The device is also 
4 16 capable of entering status information in the descriptor entry. 
5 30 Chip polling is limited to looking at the descriptor entry follow- 
6 6A ing the current entry. 
7 128 The location of the descriptor rings and their length are found in 


the Initialization Block, accessed during the initialization proce- 


28:24 RES RESERVED _ dure by the chip. Writing a “ONE” into the STRT bit of CSRo 
23:03 RDRA RECEIVE DESCRIPTOR RING ADDRESS is _ will cause the chip to start accessing the descriptor rings and 


the base address (lowest address) of the — enable it to send and receive packets. 


BSE GING: Deseniplon und: The LANCE communicates with a HOST device through the 


02:00 MUST BE ZEROES. These bits are RDRA ting structures in memory. Each entry in the ring is either 
(02:00) and must be zeroes because the “owned” by the chip or the HOST. There is an ownership bit 
Receive Rings are aligned on quadword (QWN) in the message descriptor entry. Mutual exclusion is 
boundaries. accomplished by a protocol which states that each device can 
only relinquish ownership of the descriptor entry to the other 
device; it can never take ownership, and no device can change 


TRANSMIT DESCRIPTOR RING POINTER the state of any field in any entry after it has relinquished 


ownership. 
31 2928 24 23 3 2 0 . . —— 
Each descriptor in a ring in memory is a 4-word entry. The 
fuenfnes} Toran. following is the format of the receive and the transmit descrip- 
tors. 
AF000480 


RECEIVE MESSAGE DESCRIPTOR 0 (RMD ) 


Bit Name _ Description 
15 0 


31:29 TLEN TRANSMIT RING LENGTH is the number of 
entries in the Transmit Ring expressed as a oe ; 


power of two. 


AF000940 
Number 
pees ore auies Bit Name _ Description 
0 1 1 
1 2 15:00 LADR' The LOW ORDER 16 address bits of the buf- 
2 4 fer pointed to by this descriptor. LADR is 
3 8 written by the host and unchanged by the 
4 16 LANCE. 
5 32 
6 64 
7 128 
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RECEIVE MESSAGE DESCRIPTOR 1 (RMD,) 


15 14 13 


12 1110 9 


8 7 0 


Seren SSS ORY LCN EO 


Bit 


15 


14 


13 


12 


11 


10 


Name 


OWN 


ERR 


FRAM 


OFLO 


CRC 


BUFF 


=e HADR 


ENP 
STP 
BUFF 
CRC 
OFLO 
FRAM 
ERR 
OWN 


AF000870 
Description 


This bit indicates that the descriptor entry is 
owned by the host (OWN = 0) or by the chip 
(OWN = 1). The LANCE clears the OWN bit 
after filling the buffer pointed to by the descrip- 
tor entry. The host sets the OWN bit after 
emptying the buffer. Once the chip or host has 
relinquished ownership of a buffer, it must not 
change any field in the four words that com- 
prise the descriptor entry. 


ERROR summary is the “OR” of FRAM, 
OFLO, CRC or BUFF. 


FRAMING ERROR indicates that the incom- 
ing packet contains a non-integer multiple of 
eight bits and there is a CRC error. If the 
incoming packet has no CRC error, then 
FRAM will not be set even if the packet has a 
non-integer multiple of eight bits. FRAM is not 
valid in internal loopback mode. See Note 1. 


OVERFLOW error indicates that the Silo over- 
flowed and all or part of the incoming packet 
was lost because no memory buffer was avail- 
able. See Note 1. 


CRC indicates that the receiver has detected 
a CRC error on the incoming packet. See 
Note 1. 


BUFFER ERROR is set any time the chip 
does not wn the next buffer while data chain- 
ing a received packet. This can occur in either 
of two ways: 1) the OWN bit of the next buffer 
is zero, or 2) silo overflow occurred before the 
chip received the next STATUS. 


lf a Buffer Error occurs, an Overflow Error may 
also occur internally in the Silo, but is not re- 
ported in the descriptor status entry unless 
both BUFF and OFLO errors occur at the 
same time. 


Note 1. Disregard the error status in RMD when both OVFL 
and ENP are set (no overflow error). 

ONFL is valid only when the ENP is “0”. 

CRC and FRAM are valid only when ENP is “1”. 


Bit Name 
09 STP 
08 ENP 
07:00 HADR 


Description 


START OF PACKET indicates that this is the 
first buffer of a packet. It is used for data chain- 
ing buffers. 


END OF PACKET indicates that this is the last 
buffer of this packet. It is used for data chain- 
ing buffers. If both STP and ENP are set, the 
packet fits into one buffer and there is no data 
chaining. See Note 1. 


The HIGH ORDER 8 address bits of the buffer 
pointed to by this descriptor. This field is writ- 
ten by the host and unchanged by the LANCE. 


RECEIVE MESSAGE DESCRIPTOR 2 (RMDz2) 


15 12 11. 0 


Bit Name 
15:12 


11:00 BCNT 


AF000930 


Description 


MUST BE ONES. This field (all Ones) is writ- 
ten by the Host and unchanged by the 
LANCE. 


BUFFER BYTE COUNT is the length of the 
buffer pointed to by this descriptor, expressed 
as a two’s complement number. This field is 
written by the host and unchanged by the 
LANCE. Minimum buffer size is 64 bytes for 
the first buffer packet. 


RECEIVE MESSAGE DESCRIPTOR 3 (RMD3) 


15 12 11 0 


Bit Name 


15:12 RES 
11:00 MCNT 


AF000950 


Description 


RESERVED and read as zeroes. 


MESSAGE BYTE COUNT is the length in 
bytes of the received message. MCNT is valid 
only when ERR is clear and ENP is set. 
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TRANSMIT MESSAGE DESCRIPTOR 0 (TMD) 


15 


0 


| LADR 


Bit 


Name | 


15:00 LADR 


AF000940 


Description 


The LOW ORDER 16 address bits of the buf- 
fer pointed to by this descriptor. LADR is writ- 
ten by the host and unchanged by the LANCE. 


TRANSMIT MESSAGE DESCRIPTOR 1 (TMD,) 


14 1312 1110 9 8 7 


Bit 


15 


14 


13 


12 


11 


10 
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Name 


OWN 


ERR 


RES 


MORE 


ONE 


DEF 


AF000880 


Description 


This bit indicates that the descriptor entry is 
owned by the host (OWN = 0) or by the 
LANCE (OWN = 1). The host sets the OWN 
bit after filling the buffer pointed to by this 
descriptor. The chip clears the OWN bit after 
transmitting the contents of the buffer. Neither 
the host nor the chip must alter a descriptor 
entry after it has relinquished ownership. 


ERROR summary is the “OR” of LCOL, 
LCAR, UFLO or RTRY. 


RESERVED bit. The LANCE will write this bit 
with a “OQ”. 

MORE indicates that more than one retry was 
needed to transmit a packet. 


ONE indicates that exactly one retry was 


needed to transmit a packet. One flag is not 
valid when LCOL is set. 


DEFERRED indicates that the chip had to 
defer while trying to transmit a packet. This 
condition occurs if the channel is busy when 
the chip is ready to transmit. 


Bit Name _ Description 


09 STP START OF PACKET indicates that this is the 
first buffer of this packet. It is used for data 
chaining buffers. STP is set by the host and 
unchanged by the chip. The STP bit must be 
set in the first buffer of the packet or the 
LANCE will skip over this descriptor, poll the 
next descriptor(s) entry until the OWN and 
STP bits are set. 


08 ENP END OF PACKET indicates that this is the last 
buffer to be used by the chip for this packet. It 
is used for data chaining buffers. If both STP 

,and ENP are set, the packet fits into one buffer 
and there is no data chaining. ENP is set by 
the host and unchanged by the LANCE. 


07:00 HADR The HIGH ORDER 8 address bits of the buffer 
pointed to by this descriptor. This field is writ- 
ten by the host and unchanged by the LANCE. 


TRANSMIT MESSAGE DESCRIPTOR 2 (TMD2) 


15 12 11 0 


AF000980 


Bit Name _ Description 


15:12 Must be ones. This field is set by the host and 
unchanged by the LANCE. 


11:00 BCNT BUFFER BYTE COUNT is the usable length in 
bytes of the buffer pointed to by this descriptor 
expressed as a two’s complement number. 
This is the number of bytes from this buffer 
that will be transmitted by the chip. This field is 
written by the host and unchanged by the 
LANCE. The first buffer of a packet has to be 
at least 100 bytes minimum when data chain- 
ing and 64 bytes (DTCR=1) or 60 bytes 
(DTCR=0) when not data chaining. 


TRANSMIT MESSAGE DESCRIPTOR 3 (TMD3) 


15 14 13 12 11 109 


ee TDR 


RTRY 
LCAR 
LCOL 
RES 

UFLO 
BUFF 


AFOQ00890 


Bit Name 
15 BUFF 
14 UFLO 
13 RES 

12 LCOL 
11 LCAR 
10 RTRY 
09:00 TDR 


Description 


BUFFER ERROR is set by the LANCE during 
transmission when the chip does not find the 
ENP flag in the current buffer and does not 
own the next buffer. This can occur in either of 
two ways: either the OWN bit of the next buffer 
is zero, or Silo underflow occurred before the 
LANCE received the next STATUS signal. 
BUFF is set by the chip. BUFF error disables 
the transmitter (CSRo = TXON = 0) 


lf a Buffer Error occurs, an Underflow Error will 
also occur. BUFF error is not valid when 
LCOL, or RTRY errors are set. 


UNDERFLOW ERROR indicates that the 
transmitter has truncated a message due to 
data late from memory. UFLO indicates that 
the Silo has emptied before the end of the 
packet was reached. 


RESERVED bit. The chip will write this bit with 
a “0”. 

LATE COLLISION indicates that a collision 
has occurred after the slot time of the channel 
has elapsed. The LANCE does not retry on 
Jate collisions. 


LOSS OF CARRIER is set when the carrier 
input (RENA) to the LANCE goes false during 
a chip-initiated transmission. The chip does 
not retry upon loss of carrier. It will continue to 
transmit the whole packet LCAR until packet is 
finished. LCAR is not valid in INTERNAL 
LOOPBACK MODE. 


RETRY ERROR indicates that the transmitter 
has failed in 16 attempts to successfully 
transmit a message due to repeated collisions 
on the medium. If DRTY = 1 in the MODE 
register, RTRY will set after 1 failed transmis- 
sion attempt. 


TIME DOMAIN REFLECTOMETRY reflects 
the state of an internal LANCE counter that 
counts from the start of a transmission to the 
occurrence of a collision. This value is useful 
in determining the approximate distance to a 
cable fault. The TDR value is written by the 
chip and is valid only if RTRY is set. 
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CHAPTER 2 | 
BUS INTERFACE CONSIDERATIONS | 


This chapter discusses the requirements of the LANCE in vari- 
ous configurations relating to the bus master or masters, bus 
bandwidth, and bus latency. 


The LANCE may be required to fit into an already designed 
architecture or a new architecture may be designed around the 
LANCE. It is obvious that the latter case results in a cleaner 
design and more reliable system. The following analysis is 
being developed from a simple architecture where the LANCE 
and CPU are the only master devices in the system, to a more 
complex system with multiple master devices. 


A system may be configured with: 


The LANCE and one CPU as the only bus masters 
The LANCE in systems with multiple other masters 
The LANCE in a Daisy Chain operation 
The LANCE with 8-bit microprocessors 


Following a brief definition of bus bandwidth, bus latency, and 
LANCE DMA cycles, the LANCE bus latency and DMA opera- 
tion are discussed in each of the above configurations. The bus 
bandwidth and latency are different for each of these con- 
figurations. 


2.1 BUS BANDWIDTH DEFINITION 


Bus bandwidth is defined as the percentage of the time that the 
bus is held and controlled by a device. Assuming that no wait 
states are added to the DMA cycles in a simplified system 
environment, the LANCE acquires the bus within a few cycles 
after requesting it. In order to handle the Ethernet transmission 
data rate of 10 Megabits per second, the LANCE must request 
the bus approximately every 12.8 us. The LANCE uses the bus 
for 4.8 us-for eight words of DMA transfer. Therefore, 37.5% 


(4.8/12.8) of bus bandwidth is taken by the LANCE and the 


remainder is left to the CPU to perform other tasks. Any wait 
state added to the LANCE 8-word DMA cycle increases the 
LANCE DMA cycle by 800 ns and increases the bus bandwidth 
taken by the LANCE by 6.25 percentage points (see Figure 
2-1). 


2.2 BUS LATENCY DEFINITION 


The term “bus latency” is defined as follows: 


Bus latency is the amount of time from the time that the DMA 
device requests the bus (LANCE, HOLD=L) until the time it 
acquires the bus (LANCE, HLDA=L). Allowable Bus Latency is 
the amount of time that a DMA device can wait for the bus after 
requesting it without the loss of data or other functions. 
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Figure 2-1 Bus Bandwidth Requirement 
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4 5 6 7 8 NO. OF WAIT STATES 
1000 1100 1200 1300 1400 DMAMEMORY CYCLE 
(NANOSECONDS) 
06363A-4 


Bus latency is a limiting factor in assigning peripheral devices 
to a bus. Devices sensitive to the value of bus latency are: 
communication controllers, display memory scanners, and 
dynamic memories when a DMA approach is used. 


Communication devices require that data be transferred 
to/from memory before an overflow/underflow condition oc- 
curs. The CRT controllers must scan the display memory to 
update and/or refresh the screen periodically. Each DMA 
device on a bus increases the bus latency when sharing the 
bus with other DMA devices. Therefore, the bus latency of 
each DMA device should be taken into account in designing a 
system. 


2.3 LANCE DMA CYCLE 
(BUS MASTER MODE) 


The LANCE is capable of two different types of DMA Transfers: 


— Burst mode DMA 
— Single word DMA 


Burst mode DMA is used for transmission of packets from 
memory to the Silo (read) or for reception of packets from the 
Silo to memory (write). 


The burst transfers are eight consecutive word reads (transmit) 
or writes (receive) that are done on a single bus arbitration 
cycle. In other words, after the LANCE receives the bus ac- 
knowledge, (HLDA = Low), it will do eight word transfers, or 
one byte and seven word transfers, (8 DMA cycles, at a mini- 
mum of 600 ns per cycle) before releasing the bus request 
signal by HOLD going high. If there are more than 8 words of 
data in the Silo in Receive Mode when the LANCE releases the 
bus (HOLD deasserted), the LANCE will request the bus again 
within 700 ns (HOLD dwell time). Burst DMAs are always eight 
cycle transfers unless there are less than eight words left to be 
transferred to/from the Silo. 


The LANCE initiates single word DMA transfers to access the 
Transmit Rings, Receive Rings, or Initialization Block. The 
LANCE will not initiate any burst DMA transfer from the time 
that it gets to own the descriptor to the time it accesses the 
descriptor entries in the ring (an average of three to four sepa- 
rate DMA cycles for a multibuffer packet) or to the time it reads 
the Initialization Block. 


2.4 LANCE AND ONE CPU ON THE 
BUS MASTER 


In this configuration, the LANCE shares the bus with one mas- 
ter device. A dedicated node processor may be assigned to 
service the LANCE and the host CPU, or a single processor 
may be responsible for both the LANCE and the network tasks 
management. The bus bandwidth requirement should not be 
critical with only two master devices on the bus. The LANCE 
will request the bus when there are at least 16 bytes of data 
available in the Silo (receive mode) or when there are more 
than 16 locations available in the Silo (transmit mode). The 
CPU normally acknowledges the bus request within two to four 
cycles. 


Once the LANCE acquires the bus, it will transfer eight words 
to/from the Silo before it relinquishes the bus. The transfer time 
is equivalent to about 4.8 us without any wait states. With 8.0 
us Dwell time, the LANCE requests the bus every 12.8 us (8.0 


+ 4.8) until the whole packet is transmitted or received. The 
ring access is done with a single DMA arbitration cycle, either 
between the time that the LANCE is transferring data to/from 
the Silo (data chaining) or when the last buffer of a packet 
(receive or transmit) has been relinquished to the LANCE. 
When the LANCE owns the buffer, it does three to four sepa- 
rate DMA cycles, with 1.0 to 2.0 us dwell time for every buffer. 
The LANCE does not perform any DMA burst between ring 
access time. 


2.4.1 BUS LATENCY WITH ONE OTHER 
MASTER 


The above discussion assumes that the LANCE receives the 
bus acknowledge (HLDA) fast enough (within a few cycles). 
The large Silo size (48 bytes) allows the LANCE to tolerate a 
longer bus latency. When the LANCE is in receive mode and 
there are eight words in the Silo, the time required for the 
LANCE to receive the bus acknowledge can be stretched to 
nearly 25.6 us (16 words) before the Silo overflows. However, 
the very next bus request (HOLD) from the LANCE should be 
acknowledged within 8.0 us because there are already about 
19 words in the Silo. The LANCE always releases the bus after 
eight word transfers, even if there are already eight or more 
words residing in the Silo. The second bus request will be 
asserted within 700 ns, when there are eight or more words in 
the Silo (dwell time). 


2.5 LANCE WITH MULTIPLE MASTER 
DEVICES ON THE BUS 


The LANCE is flexible when it is integrated with other master 
devices on the bus. A large FIFO (also referred to as Silo) 48 
bytes deep, and a unique programmable interface make 
LANCE versatile in a multimaster environment. 


The impact of integrating a master device onto an existing bus 
system requires careful investigation at the start of system 
development. The following discussion summarizes the areas 
of concern to the user when designing the LANCE into a multi- 
master bus. 


In designing a bus with multiple master devices, some restric- 
tions are imposed on the master devices. These requirements 
allow the bus to be utilized efficiently, and each device gets a 
fair share of the bus without degrading the bus bandwidth. 


Some typical system bus requirements are: 


1. Each device on the bus is allowed to hold the bus for only a 
limited time, once it has acquired it. There are many system 
requirements which must be considered to determine the maxi- 
mum time any bus master is allowed to remain on the bus. If 
this time is exceeded, some type of monitoring device gener- 
ates a bus error and forces the device off the bus. 


The LANCE holds the bus for a minimum of 4.8 us during the 
DMA burst and a minimum of 600 ns when accessing the rings 
or the Initialization Block. If the memory access time is longer 
than the LANCE DMA cycle, the LANCE DMA cycle period can 
be stretched (wait states being added to the LANCE DMA 
cycle) by the use of some external logic and by controlling the 
READY input to the LANCE. Eventually, the READY should be 
granted to the LANCE before the occurrence of either an over- 
flow or underflow error condition, or a 25.6 usec memory 
timeout error (MERR). 
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2. Any device on the bus may be kicked off the bus 
(preemptive DMA) at any time. This is usually enforced by a 
bus arbiter when a higher priority device needs to acquire the 
bus. Refer to Figure 2-2. 


The HLDA to the LANCE cannot be deasserted while the 
HOLD from the LANCE is active. Once the LANCE has ac- 
quired the bus, it will not release the bus until it has finished its 
8 DMA cycles (or less, if it happens to be the last few bytes of 
the packet) while transferring data to/from the Silo. However, 
the external logic pointed out previously may be used to add 
wait states to the LANCE DMA cycle and to isolate its ad- 
dress/data bus, through buffers or transceivers, from the sys- 
tem bus. Thus preemptive DMA can be supported by the use of 
external logic. 


3. Within an existing bus, the master devices already on the 
bus may not have enough bus bandwidth left to allow for any 
new device to be added. The new device may be required to 
stay off the bus and provide its own dedicated dual port 
memory. 


The LANCE supports a dual port RAM architecture with some 
external logic. The external logic is needed to allow access to 
the LANCE internal register, CSRo, during the normal opera- 
tion. This register contains the interrupt/control status register 
bits. The external logic must monitor and control HOLD, HLDA 
of the LANCE so that the CPU can access the CSRog when the 
LANCE is not in the middle of a series of DMA accesses. 
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Figure 2-2 Block Diagram of Pre-emption in the LANCE 
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2.5.1 BUS LATENCY FOR MULTIMASTER 
ENVIRONMENT 


The amount of allowable bus latency for a master device must 
be evaluated prior to adding a new device into a multimaster 
environment. We will study the allowable bus latency for the 
LANCE under two different cases: a single buffer per packet 
(no data-chaining) and multiple buffer segments per packet 
(data-chaining). The main difference is that, in data-chaining, 
the LANCE does a separate lookahead operation (requiring 
three DMA accesses for each buffer segment) to access the 
ring between the periods it is doing DMA burst. Therefore, this 
additional time overhead reduces the allowable bus latency. 
This is especially significant when short buffer sizes are as- 
signed and long packets are in process. 


NO DATA-CHAINING 

When the buffers are not data-chained, the single DMA access 
to the ring per packet may be disregarded especially for large 
packets. In the receive mode, words enter the Silo from the 
Ethernet at the rate of eight words every 12.8 microseconds. 
The LANCE transfers words from the Silo is 8-word bursts 
requiring 4.8 microseconds per burst. 


Therefore the allowable bus latency for LANCE is 12.8 minus 
4.8 or 8 microseconds disregarding the single DMA access to 
the descriptor ring per packet. 


The size of the Silo provides some protection against a one 
time unusual delay in granting the bus after a LANCE bus 
request. The LANCE automatically requests the DMA bus as 
soon as eight words are in the Silo. The Silo may accumulate 
an additional sixteen words (32 bytes) on a one time basis 
before the LANCE becomes the bus master. This means that 
the bus latency is 25.6 us (32 x .8) for the first time that the 
LANCE requests the bus. However, subsequent bus requests 
must be granted within 8 us without fail to prevent a Silo over- 
flow. The 25.6 us bus latency can apply for one bus access at 
any time that the Silo has eight or fewer words in it. 


The eight microsecond bus latency corresponds to an ac- 
cumulation of five words in the Silo. The bus latency may be 
stretched by some amount when the packets are shorter. 


WITH DATA-CHAINING 


When the buffers are data-chained, the overhead caused by the 
lookahead operation in accessing the ring must be taken into 
consideration in calculating the bus latency. This lookahead is 
performed between the periods in which the LANCE is doing 
DMA bursts. It consists of three separate single DMA reads 
when the LANCE owns the buffer. The LANCE does not initiate 
any DMA burst (8 DMA cycles) between the three single DMA 
reads. 


The lookahead operation may take as long as 5.8 
microseconds plus three times the bus latency of a single DMA 
read. This is calculated as follows: The dwell time (the time 
interval between the LANCE’s request to the bus to access the 
ring and the acquisition of the bus) is approximately 1.0 to 2.0 
us for each access. Two ring accesses are required. Three ring 
access transfers at .6 microseconds each are required. 


The following calculation leads to the worst case allowable bus 
latency for the LANCE, for large packet (1518 bytes) and small 
buffer sizes (64 bytes), when the buffers are data-chained. 


Assume: 
— No wait state is added to the LANCE DMA cycle. 


— HLDA assertion to bus driver enable delay is not in- 
cluded in the calculation. 


64-byte transfer (1 buffer) time = 
4x 4.8 = 19.2 us (4 bus requests) 


Ring access transfer (3 single DMA) = 
3 x 0.6 = 1.8 us (3 bus requests) 


Ring access dwell time = 
2x 2.0 = 4.0 us 


64-byte transfer time from/to Ethernet cable to/from 
Silo = 64x 0.8 = 51.2 us 


51.2 - (19.2 + 1.8 + 4.0) 
BUS LATENCY — 7 


ALLOWABLE 


= 3.74 us 


Because of the lookahead overhead, the data-chained buffer 
mode has less allowable bus latency than the single buffer 
mode which does not require data-chaining. 


2.6 LANCE IN A DAISY-CHAIN 
CONFIGURATION 


It may be desirable to integrate the LANCE into a daisy- 
chained environment (for example, Z-BUS). The BCON bit in 
CSR3 can be programmed for daisy-chain operation. As a 
result, Pins 15, 16, and 17 (BMo, BM 7, HOLD) will function as 
BYTE, BUSAKO, and BUSRQ respectively. In a daisy chain 
environment with pre-emption, the LANCE should be assigned 
to a high priority slot. This is necessary to meet the bus latency 
requirement under the worst case conditions. 


In a daisy-chain environment without pre-emption (Zilog daisy- 
chain), it is possible for a device, independent of slot position, 
to wait for the remainder of the devices in the chain to finish 
their bus accesses before it can request the bus again. (This 
can occur when the other devices request the bus at the same 
time.) The impact to the LANCE is an underflow or overflow 
error condition if the LANCE bus latency requirement is not 
met. The addition of hardware, to provide preemptive DMA 
capability and/or to enforce a bus time limit to the devices on 
the bus, may not be worthwhile if the probability of this happen- 
ing in a normal system environment is reasonably low. 


2.7 LANCE WITH 8-BIT 
MICROPROCESSORS 


Although the LANCE is a 16-bit device that interfaces easily to 
16-bit microprocessors, it can also be interfaced to 8-bit micro- 
processors with some external logic. 


In integrating the LANCE with 8-bit microprocessors, there are 
two possible configurations: 16-bit memory and 8-bit memory. 
Each solution has trade-offs in cost, performance, and com- 
plexity of implementation. Each approach is considered below. 
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2.7.1 8-BIT MICROPROCESSORS WITH 
8-BIT MEMORY 


At a glance, this seems to be a simple and not too costly 
implementation because it requires fewer memory chips. 
However, as we will see later, the implementation can be quite 
complex. 


For this interface to work properly, it takes twice as long to do 
the data transfers as with 16-bit memories and a 16-bit micro- 
processor. The data transfers are between the LANCE and 
CPU (LANCE in Slave Mode), or the LANCE and 8-bit 
memories (LANCE in Master Mode). The interface to’ the 
LANCE should look like a 16-bit interface. The DMA word 
transfer cycle between the LANCE and the CPU or memory 
must be converted to two separate byte transfers. This type of 
architecture degrades the system performance by one-half. 


For some lower cost applications, this may not be a bottleneck. 
However, it is important to note that the LANCE DMA transfer 
cycles take twice as long. Therefore, the potential of the 
LANCE getting into an overflow or underflow error condition is 
increased, especially if the LANCE bus requests are not ac- 
knowledged promptly. 


Bus latency for a 16-bit microprocessor interface is based on a 
4.8 us DMA cycle. The 8-bit microprocessors must perform 
twice as many DMA cycles as the 16-bit microprocessor, 
therefore, the bus latency for the 8-bit microprocessors is 
based on 9.6 us DMA cycles (assuming that an 8-bit micropro- 
cessor runs as fast as a 16-bit which is not a safe assumption). 
The allowable bus latency for an 8-bit microprocessor is 
therefore less than for a 16-bit microprocessor and the bus 
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bandwidth is almost doubled. The LANCE must request the 
bus once every 12.8 us, and since it takes 9.6 us to do an 
8-word transfer, the LANCE thus takes up 75% of the bus 
bandwidth and the allowable bus latency is 3.2 usec. 


The bus latency and bandwidth limitations can be overcome by 
designing a dual-port RAM shared by the 8-bit processor and 
the LANCE. Some additional logic may be required to provide 
an 8-bit channel for use by the 8-bit processor, and a 16-bit 
channel to be used by the LANCE and any other 16-bit control- 
lers. 


2.7.2 8-BIT MICROPROCESSORS WITH 
16-BIT MEMORY 


_ Using a 16-bit memory is equivalent to having an 8-bit proces- 


sor on a 16-bit bus. The memory is normally organized into 
lower and upper bytes. Although this approach is costly in 
terms of using twice aS many memory chips, it is a better 
solution in terms of performance and ease of implementation. 


This architecture is nearly equivalent to the LANCE being in- 
terfaced to a 16-bit processor. The LANCE DMA cycles, bus 
latency, and the bus bandwidth analysis are the same as those 
discussed involving 16-bit microprocessors. There is still a 
drawback in the area where the CPU has to access the 
LANCE. The CPU must go through two separate consecutive 
cycles for every word transferred to the LANCE; however, this 
is not significant since the LANCE to CPU interface does not 
require a fast response time. With enough receive buffers allo- 
cated to the LANCE, the packets are received independently of 
the CPU's interrupt response time. 


CHAPTER 3 
LANCE-CPU INTERFACE CONSIDERATIONS 


3.1 GENERAL LANCE INTERFACE 
REQUIREMENTS 


The following is a list of key points to be considered in designs 
using the LANCE: 


@ There are three open drain outputs on the LANCE. They are 
INTR (Pin 11), HOLD (Pin 17), and READY (Pin 22). These 
Signals must be pulled up external to the LANCE chip by 3.3k 
or larger resistors. 


@ DAS and ALE are usually used as strobe signals. It would 
therefore be a good idea to pull them up to insure that a floating 
level will not affect other circuits. 


e@ Decoupling capacitors with values of 0.1 and 5.0 uf are con- 
nected, in parallel, from the Vcc Pin of the LANCE to Ground. 


@ Voltage level on the RESET Pin of the LANCE should be 
maintained at above 3.4 volts with a pull-up resistor. 


3.1.1 LANCE INTERFACE TO POPULAR 
MICROPROCESSORS 


Several problems are associated with interfacing a peripheral 
device to a CPU. One major problem involves the various con- 
trol signals that each chip uses. Unless the two families are 
designed to be pin-for-pin compatible, there are always going 
to be minor variations between them. Part of the pin incom- 
patibility involves genuine signal differences while other pins 
only require name changes. Another problem with interfacing a 
general purpose peripheral to a CPU is the timing differences. 


Most of these timing differences can be resolved by adding 
external logic. The Am7990 LANCE has been designed to be 
interfaced easily with the popular 16-bit microprocessors 
(8086/80186, 68000, Z8000*, LSI-II**). Most of the interface 
logic is embedded in the chip and is program selectable. 


Although the LANCE itself has a multiplexed bus, it can easily 
be interfaced to demultiplexed buses with a minimal amount of 
effort. This chapter discusses the interfaces to four popular 
16-bit microprocessors (68000, Z8001, 80186, and 8086). 
These designs assume that the processor and the LANCE 
reside on the same board. Address buffers and data 
transceivers are set up to be shared by the processor and the 
LANCE. All of these designs use PAL*** devices to reduce the 
parts count. 


* 28000 is a trademark of Zilog, Inc. 
** LSI-Il is a registered trademark of Digital Equipment Corp. 
*** PAL is a registered trademark of Monolithic Memories, Inc. 


3.2 68000 TO LANCE INTERFACE 


The versatility of the LANCE makes it easier for the user to 
interface with demultiplexed buses. Figure 3-1 is an example of 
how to interface the 68000 to the LANCE. The goal of this 
interface is compatibility with 8-MHz and faster 68000s while 
minimizing parts count. The two flip-flops are needed to adapt 
the LANCE bus request handshake to the 68000. 


Auto-vectoring is used since the Am7990 does not return a 
vector during Interrupt Acknowledge cycles. The BYTE _and 
DAS signals of LANCE are used to generate UDS and LDS 
when LANCE is in Bus Master Mode. It takes two latches to 
demultiplex the LANCE Address/Data Lines (DALo-DALj5) to 
adapt it to the 68000 Address Bus. The user should program 
the BSWP, BCON to “1”, and ACON to “0” in CSR3 when 
initializing the LANCE. The AmPAL22V10 device could also be 
used to eliminate the two flip-flops shown in Figure 3-1. 


3.2.1 68000 TO LANCE INTERFACE PAL 


PAL16L8 JOE BRCICH 
PATOO2 2 FEB 84 
File: , 


68K90.PAL 


68000 TO LANCE 
ADVANCED MICRO 


INTERFACE 
DEVICES 


JAS RW BYTE 
/CS /TB /UDS 


/HOLD NC 
/DAS /CLR1- 


/BG AQ NC 
BR /CLR2 


/BGACK GND 


IF C/BGACK) RB = 


IF C/BGACK) TB S*/RW; 68000 Master 


il 


IF (BGACK) UDS = DAS*/AO*BYTE + /BYTE*DAS 


IF (BGACK) LDS = DAS*AO*BYTE + /BYTE*DAS 


IF (/BGACK) DAS = UDS*LDS 


CLR1 = /AS*BG 
CLR2 = BGACK 
/BR = /HOLD 


/LDS /RB- VCC 


S*RW*UDS + CS*RW*LDS; 68000 Master 
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ADDRESS BUS DATA BUS 


tit 


DTACK FROM 
SYSTEM 


4 - /AS /CS/RB/TB 
BR 


tS ICLR2 /HOLD 


IBGACK 


/DAS 


AmPAL16L8 
68K90.PAL 


ICLR, 


Figure 3-1 68000 to LANCE interface 


HLDA 


LANCE 
Am7990 


HOLD 


06363A-6 


3.3 28001 TO LANCE INTERFACE 


The Z8001 interface to the LANCE is easily accomplished 
since both have a multiplexed bus and most of the control 
signals can be directly connected (See Figure 3-2). This design 
also uses the PAL device, AmPAL16L8, to reduce the parts 
count. The INTR pin of the LANCE is connected to the NVI pin 
of Z8001, since LANCE does not return a vector during the 


Interrupt Acknowledge cycle. The PAL device uses the status 
lines ST3-STg (when Z8001 is the Bus Master) or HLDA from 
the LANCE (when LANCE is the Bus Master) to generate M, 
the memory request signal. The user should program the 
ACON, BCON, and BSWP to “1” prior to initializing the 
LANCE. When the LANCE is Bus Master, DALI and DALO 
control the transceiver. When the CPU is Bus Master, T and R 
are generated from R/W and DS to control the transceiver. 


ADDRESS 
BUS 


: 


Am29841 


Figure 3-2 Z8001 to LANCE Interface 


Am29841 


TO SYSTEM 


ICELE /M /AS /DS READ IT LE | 
WAIT . _/READY 


AmPAL16L8 
Z8K90.PAL 


DATA BUS 


Famasca| 


ADR 


DAL,5—DALo 


A22-A16 


DALI 


READY FROM 
SYSTEM 


Voc Vcc 


06363A-7 
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3.3.1 Z8001 TO LANCE INTERFACE PAL 


ANPAL16L8 RASOUL M. OSKOUY 
PATOQO1 MARCH 13, 1984 
File: Z8K90.PAL 


28001 TO LANCE INTERFACE 
ADVANCED MICRO DEVICES 


/AS /HLDA READ /CS /DS /READY ST3 ST2 ST1 GND 


STO /T /M /WAIT LE /R NC) 6ONC 6 6NC) VCC 


IF /(HLDA) T = /READ*®/CS 
IF (/HLDA)  R = READ*DS®/CS 
M = /HLDA*ST3*/ST2*/ST1*/STO + 
/HLDA*/ST2*/ST1*STO + 
/ULDA*ST3*ST2*/ST1 + 
HLDA 
WAIT = /READY 


/LE = AS 


3.3.2 DESCRIPTION 


Most of the Z8001 and Am7990 control signals can directly be 
connected. The Z8001 status lines outputs, STO-ST3, and 
LANCE (Am7990) HLDA input are used to indicate whether 
the cycle is a memory or non-memory cycie. The INTR pin of 
LANCE is connected to NVI pin of Z8001, since the LANCE 
does not return a vector during the interrupt acknowledge 
cycle. 


Note: Program ACON, BCON, BSWP to “1” in CSR3 Reg. 


3.4 80186 TO LANCE INTERFACE 


This interface also uses a PAL design to reduce the parts 
count. The 80186/LANCE address and data buses can be con- 
nected directly together since they both have multiplexed 
buses. It seems natural to program the LANCE for ALE output. 
However, the PAL equations or a discrete design are easier if 
AS (CSR3, ACON=1) is used. This is because the LANCE 
three-states ALE, the 186 does not. The INTR, READY, and 
HOLD signals from the LANCE are open-drain and should be 
pulled up. The BM, signal from the LANCE or BHE from the 
186 along with Ap can be used to decode the data transfer type 
(Word/Byte). The external address buffers and data 
transceivers are enabled by the LANCE and the 186. The buf- 
fers and transceivers are enabled by whichever device is the 
master. The user should program the BCON, BSWP to “0,” 
and ACON to “1” in CSR3. Figure 3-3 shows the 80186 to 
LANCE interface connections. 


3.4.1 LANCE IN BUS SLAVE MODE 


The LANCE enters the Bus Slave Mode whenever the CS is 
active. In this example, the 186 becomes the master. RD or 


WR of the 186 can be used to generate DAS which can be - 


deasserted after the LANCE asserts its READY output. The 
DTR and DEN of the 186 are used to control the data 
transceivers. When the LANCE is not selected, the DTR of 186 
is used to generate the READ signal to the LANCE since DTR 
stays valid (High for Read, Low for Write operation) during the 
whole cycle. 
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3.4.2 LANCE IN BUS MASTER MODE 


The LANCE enters the Bus Master Mode whenever the HOLD 
and HLDA signals are both active. The READ and DAS out- 
puts are used to generate separate RDand WR signals to meet 
the 186 system requirements. The DALI and the DALO out- 
puts of the LANCE are used to control the data transceivers. 
The DAS signal asserted.by the LANCE remains asserted until 
either the READY input is received or 25.6 us has elapsed 
from the time DAS was asserted. The time-out error is noted in 
CSRo (MERR=1) and the 186 is notified via interrupt. 


3.4.3 186 TO LANCE INTERFACE PAL 


PAL16L8 JOE BRCICH 
PATOO1 1 OCT 83 
File: 186-90.PAL 


80186 TO LANCE INTERFACE 
ADVANCED MICRO DEVICES 


ALE /AS DTR NC 
/CS ARDY READ /R 


NC DEN NC /READY HLDA GND 
/T /DAS /WR /RD LE VCC 


IF (/HLDA) DAS = RD + WR 


IF (/HLDA) /READ = DTR 

IF (/HLDA) ios DiIR® 7ES 

IF (/HLDA) R = /DTR*®DEN*®/CS 
IF (HLDA) RD = READ*®DAS 

IF (HLDA) WR = /READ*DAS 


/LE = /ALE + /AS 


/ARDY = /READY 


3.4.4. DESCRIPTION 


This PAL design assumes that the 186 and LANCE are on the 
same board. The data bus buffer is only enabled if the LANCE 
is not selected. It seems natural to program the LANCE for ALE 
output. However, the PAL equations or indeed a discrete 
design is easier if AS is used. This is because the LANCE 
three-states ALE while the 186 does not. Note that data is valid 
on the falling edge of WR in min mode meeting the apparent 
requirement of the LANCE in early data sheets. Data set up 
time is specified with respect to the rising edge of DAS in later 
data sheets giving the designer more flexibility. All transfers to 
or from the LANCE must be word transfers. 


Note: Program ACON to “1,” and BCON, BSWP to “0” in CSR3 REG. 


3.5 8086 TO LANCE INTERFACE 


The LANCE interface to the 8086 and to the 80186 is quite 
similar, except that the bus request handshake is different 
when 8086 is configured in maximum mode. The 8086 has a 
bidirectional signal for both bus request and bus grant 
(RQ/GT). Both the bus request (RQ), and bus grant (GT) 
to/from 8086 are one CPU-clock wide and are synchronous to 
the CPU clock. Figure 3-4 shows a PAL design to do this 
conversion. Figure 3-5 shows the interface timing for this PAL. 
This PAL design could also be utilized to include other external 
logic requirements for interfacing the LANCE to 8086. 
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BUS 


Am29841 Am29841 zz 
LE LE 


zl -l 


Am29863 


ADR 


DAL;5—DALg 


Ai9-Ai6 


DALI 
DALO 


PAL1 6L8 aaa 
186/90.PAL 
/READY READY 
LANCE 
Am7990 


cs 
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FROM SYSTEM 
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Figure 3-3 80186 to LANCE Interface 
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AmPAL16R4 
86/90.PAL 
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Figure 3-4 8086 RQ/GT, Am7990 HOLD/HLDA Conversion PAL 
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(INPUT) ° 
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D2 (OUTPUT) 
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Figure 3-5 AmPAL16R4, 8086 (max. mode)/LANCE Interface Timing Diagram 06363A-10 
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3.5.1 8086 RQ/GT CONVERSION TO 
LANCE HOLD/HLDA PAL 


AMPAL16R4 RASOUL OSKOUY 
PATOO1 MARCH 20, 1984 


8086 RQ/GT CONVERSION TO LANCE HOLD/HLDA 
ADVANCED MICRO DEVICES 


CLK NC HOLD GT NC NC NC NC NC GND 


NC NC NC HLDA De R2 R1 NC NC VCC 


R1 s= HOLD 

D2 := RI wsten® fos 

R2 t= RI*D2 + RI*D2__ 
HLDA := GT*R2 + HLDA*®D2 


3.5.2 DESCRIPTION 


This PAL converts the request and grant (RQ/GT) of 8086, 
when configured in maximum mode, to the LANCE Am7990 
HOLD/HLDA. Both request (input to 8086) and grant (output 
from 8086) are one clock wide and are synchronous to the 
CPU clock. 
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CHAPTER 4 
SOFTWARE CONSIDERATIONS 


4.1 SOFTWARE TASKS 


First the LANCE interface with the system is checked out both 
in Bus Master and Bus Slave Mode, and the internal logic of 
the LANCE is tested in diagnostic mode for both internal and 
external loopback test. Then, the LANCE is configured for nor- 
mal operation via the Initialization Block. The user normally 
initializes the LANCE once for normal operation. Any changes 
in LANCE configuration require re-initialization. 


The data handling tasks include assigning and chaining data 
buffers and checking the format rings for format errors. 
Transmit and receive drivers are required to set up the transmit 
and receive descriptors, buffer pointers, and related tasks. 
Status monitoring routines are also required. If re-initialization 
is necessary, the user must first process all the transmitted or 
received packets and to rearrange the packets queued for 
transmission in the Transmit Ring. This is necessary since the 
LANCE sets its pointers to the beginning of the Transmit and 
Receive Rings upon initialization. 


The user must also process the interrupts and report the er- 
rors. 


These tasks and the software support required are discussed 
in the following order: 


Initialization 

Diagnostics 

Main Program _ 

Descriptors and Buffers 

Interrupts 

Transmit Drivers 

Receive Drivers 

Status Monitoring and Error Processing 


The flow charts and discussion outlined below examine one 
approach to typical driver routines which may be used to oper 
ate the LANCE. They are designed to guide the user in pro- 
gramming the LANCE within a typical application. However, 
the flowcharts are not intended as a direct implementation, 
which is system dependent. 


4.2 INITIALIZATION 


The LANCE is initialized (configured) for a desired operation by 
programming the CSR registers (CSRo-3) and providing the 
parameters required by the LANCE in the Initialization Block. 
Refer to Chapter 1 for an overview of the system including the 
Initialization Block. For detailed information, refer to the 
LANCE data sheet. Initialization is a prerequisite for the 
LANCE operation in Bus Master mode. 


Upon power-up or hardware reset, the internal logic of the 
LANCE is cleared, and the Stop bit in CSRo gets set. Once the 
Stop bit is set, either by a hardware reset or by software, all the 
activity in the LANCE stops. The Stop bit in CSRo must be set 
prior to any access to CSR1-CSR3. ACON, BCON and BSWP 
bits in the CSRg are programmed for the desired hardware 
interface. CSR; and CSRo get updated to contain the pointer 
to Initialization Block. (Refer to LANCE data sheet for more 
description on CSR registers.) 
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CSR, and CSRo are normally not affected when the Stop bit is 
set in CSRo. (When the Stop bit is set, CSRg is cleared and 
CSRo is set to 0004 Hex, Stop bit set.) However, it is recom- 
mended to reload CSR; and CSRe whenever the Stop bit is 
set. 


The Initialization Block contains the parameters (Mode Regis- 
ter, Node Address, Logical Address Filter, Receive, and 
Transmit Descriptor Ring Pointers) needed for normal or diag- 
nostic operation. 


The flow chart shown in Figure 4-1 shows a typical initialization 
routine which starts by invoking the diagnostic operation with 
error loop capabilities and if the diagnostic passes are suc- 
cessful, it initializes the LANCE for normal operation. 


4.3 DIAGNOSTICS 


The Mode Register Initialization Block can be used to set up 
the LANCE for diagnostic or normal operation. There are four 
user-programmable diagnostic modes. Each mode requires 
the user to change bits in the Mode Register and re-initialize 
the LANCE. The four modes are discussed in the following 
order: 


1. Internal Loopback 

2. External Loopback. 

3. CRC Logic Check. 

4. Collision Detection and Retry Logic. 


4.3.1 INTERNAL LOOPBACK 


Although Ethernet is half-duplex, when in Loopback Mode the 
LANCE can operate in full-duplex by limiting the packet size to . 
8-32 bytes. The LANCE will not start the transmission of the 
loopback packet unless the whole packet (up to 32 bytes) is in 
the SILO. All the logic and data paths are tested in internal 
loopback except the transmit/receive drivers and receivers for 
the transmit data and receive data. 


The LCAR bit should not be set in internal loopback mode 
since the LANCE does not monitor the RENA signal input to 
the LANCE. The LCAR bit is set when the sequence described 
below happens: 


a) The LANCE is initialized in internal loopback mode. The 
loopback test can transmit and receive normally, as long as the 
transmit address matches the node address. 


b) If at some point the LANCE transmits a non-matching 
packet, the packet will be sent but it will not be received. LCAR 
(lost carrier) will be set. 


c) After transmitting a non-matching packet, the LANCE will no 
longer transmit in internal loopback mode, even if the matching 
address is put back. If the LANCE is then set-up to send a 
matching or a non-matching packet, the LANCE reads the 
descriptors from the Transmit Ring and relinquishes the 


- descriptor to the CPU with LCAR bit set. It never DMAs data 


into the SILO. It does not actually transmit the packet out. 
Therefore, it does not receive the packet. 


INITIALIZE 


PROGRAM THE 
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NOTE 1: Optional step if CSR stacking is used. Not required for real time Interrupt Processing 


Figure 4-1 Initialization/Diagnostic Flowchart (Sheet 1 of 2) 
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,_ Figure 4-1 Initialization/Diagnostic Flowchart (Sheet 2 of 2) 
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In the internal loopback mode, when a packet is transmitted 
that is not addressed to the node itself, LCAR is set and indi- 
cates this condition. If the address detection logic of the 
LANCE is being tested for a non-matching test in internal loop- 
back mode, the first non-matching transmit packet always gets 
transmitted. Only the packets following the transmission of the 
non-matching packet fall into this condition and never get 
transmitted. Re-initializing the LANCE is the only option when 
this problem occurs. This problem will not occur as long as the 
LANCE is transmitting packets to itself (matching addresses) in 
internal loopback mode. The external loopback can be used for 
testing the packets with non-matching addresses. 


4.3.2 EXTERNAL LOOPBACK 


External Loopback operates in much the same fashion as Inter 
nal Loopback, except that the test packet is actually transmit- 
ted out, starting from the LANCE to the SIA, to the transceiver, 
and finally to the coaxial cable. The transmitted data wraps 
around, in the same fashion, from the coaxial cable to the 
LANCE. External Loopback test will not interfere with any other 
node attached to the Ethernet cable, since the packet is nor 
mally addressed to the node itself or gets discarded as a runt 
packet (loopback packet size max = 32 bytes). 


The multicast addressing is not operational in External Loop- 
back Mode. The LANCE transmits the packet but it will not 
receive it. However, DTCR (Disable Transmit CRC) in the 
Mode Register can be set to “1” when multicast addressing in 
External Loopback Mode is desired. In this case, the user has 
to append the correct four byte CRC when transmitting a 
packet or there will be a CRC error when the packet is 
received. The multicast addressing can be tested in Internal 
Loopback Mode, or Receive Mode when another node is 
transmitting. 


4.3.3 CRC GENERATOR/CHECKER LOGIC 
TEST 


During the loopback test (internal or external), the CRC logic 
may be tested. Since the LANCE operates in half-duplex 
mode, the CRC generator or checker must be tested sepa- 
rately as follows. The Transmit CRC Generator is tested by 
programming DTCR=0 in the Mode Register. This enables the 
transmit CRC generation and disables the Receive CRC 
Checker. Assuming the test packet is 32 bytes, the LANCE will 
transmit 32 bytes and store 36 bytes of data in the receive 
buffer. The extra four bytes are the CRC generated by Transmit 
CRC Generator. The received CRC bytes are compared 
against the software generated CRC. 


The Receive CRC Checker is tested by setting the DTCR bit in 
the Mode Register. The user then calculates the CRC for the 
test packet and appends it to the end of the test packet for 
transmission (test packet max size = 32 + 4 bytes CRC). The 
Receive CRC Checker checks the last four bytes of the packet 
for CRC error and updates the receive descriptors accordingly. 
The CRC logic may be tested in either External or Internal 
Loopback Mode. 


4.3.4 COLLISION DETECTION/RETRY 
LOGIC TEST 


The collision detection can be tested by forcing collision, set- 
ting the COLL, LOOP, and INTL bits of the Mode Register) to 
“1.” The LANCE is then initialized and started (CSRo: 
INIT,STRT,INEA=1). The collision bit, COLL, being set will 
cause the LANCE to detect a collision on each loopback at- 
tempt. The result is 16 total transmission attempts with a retry 
error reported in TMD3. 


The SlA/transceiver collision interface to the LANCE is 
checked by placing the LANCE in External Loopback. The 
LANCE will look for a collision detection within 2 us following 
the completion of a transmission. This is a transceiver self test 
feature which is known as SQE (Signal Quality Error) test or 
“Heartbeat.” The CERR bit gets set if the Heartbeat is missing 
within the specified time. The failure can be caused by the 
external collision path (transceiver-to-SIA-to-LANCE) and/or 
the transceiver itself. 


4.4 MAIN PROGRAM 


The LANCE is configured for normal operation via the Initializa- 
tion Block. LANCE is initilized once for normal operation. 
However, any configuration change requires re-initialization. 
Figure 4-2 shows a flow diagram of the main program for nor- 
mal operation. 


4.5 DESCRIPTOR AND BUFFER 
PITFALLS 


4.5.1 TRANSMIT MESSAGE DESCRIPTORS, 
TMD1 AND TMD3 
“One” flag in TMD, is not valid when “LCOL” is set in TMD3. 


4.5.2 TRANSMIT DESCRIPTOR RING 
FORMAT 


When the LANCE is polling the Transmit Ring, it will skip over 
Transmit Ring entries having a bad format. For the first buffer in 
a packet, when the LANCE owns the buffer and STP (Start of 
Packet) is not set, it will simply turn the ownership back over to 
the host. The LANCE will then generate a TINT interrupt and 
go on to the next buffer. Tne LANCE continues to skip over 
transmit buffers (by clearing the OWN bit and setting TINT bit) 
until it finds a buffer with a good format (both STP and OWN bit 
set) to transmit. When the LANCE finds a transmit buffer 
owned by the host (OWN = 0), it means that there are no more 
buffers to transmit. 


4.5.3 DATA CHAINING 


During either a receive or a transmit with data chaining, the 
LANCE generates a done flag (RINT or TINT) and interrupt . 
only at the end of the chain. It will not generate any interrupt 
flags whenever a buffer of the chain is filled or transmitted, | 
unless there is an error. The ownership bits, however, are _ 
turned over to the host as each buffer is completed. This can 
cause a problem if the first transmit buffer is short as explained 
below. 
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STOP LANCE 


CSRo (STOP) <— 1 


INITIALIZE TX RING 


CLEAR DESCRIPTORS 
OWN BIT 


INITIALIZE RX RING 


—ALLOCATE BUFFERS 
—SET DESCRIPTORS 
OWN BIT 


INITIALIZE CSR 


CSR, CSRo, 
CSR; 


PACKETS TO 


TRANSMIT 
? 


TX_ DRIVE 


SETUP . 
DESCRIPTORS 
IN TX RING 


SETUP INITIALIZATION 
BLOCK IN MEMORY 


CSRo <INIT, STRT, 
INEA> <— 1 


: CSRo_ STATUS 


PROCESS: 
TX_STATUS 
RX_STATUS 
ERR_CSRo 


EXIT 


Figure 4-2 Main Program for the LANCE in Normal Operation 
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4.5.4 TRANSMIT BUFFERS 


When in Transmit Mode, the LANCE can transfer up to 32 bytes 
of data into the Silo before transmission is started if the cable is 
busy at the time. A collision could occur at any time during the 
transmission of the first 64 bytes (first slot time). During this 
transmission, 64 additional bytes could be read from the buffer. 
Therefore, the first transmit buffer must be at least 96 bytes 
long to ensure that the LANCE does not relinquish the first 
buffer before it has sent the first 64 bytes of the packet over the 
Ethernet cable. Including a small extra margin, 100 bytes was 
chosen as the minimum size required for the first buffer when 
data chaining to ensure proper handling of collisions. 


At the beginning of a transmission, the LANCE internally stores 
the address and byte count of the first transmit ring entry, in 
case a retransmission is required. In data-chaining, after each 
buffer is read into the Silo, the buffer is returned to the host by 
resetting the “own” bit. As explained above, if the first transmit 
buffer is too short, a collision could occur after the first buffer 
was completed and the ownership bit turned over to the host. 


Since a collision causes an automatic retry and since the 
LANCE has the address of the first buffer, the LANCE will 
attempt to retransmit the buffer that it had just given back to the 
host. This violates the mutual exclusion rule of the ring owner- 
ship by accessing a ring entry that it does not own. This can 
also cause incorrect and unexpected transmit ring status 
changes as follows: if the host is polling the ownership bit, it 
would see ownership of the first transmit buffer and start to 


service it. At the same time, the LANCE may be retransmitting . 


it and even updating the status for that buffer. 


When data-chaining is not used, the LANCE does not return 
the buffer to the host until the entire packet has been sent 
without collision or other error. Therefore, for buffers that are 
not data-chained, the minimum buffer size for the first buffer is 
the minimum packet size of 64 bytes required by Ethenet to 
ensure proper handling of collisions. However, the LANCE is 
capable of transmitting a packet as small as one byte. 


To summarize, when the buffers are data chained in Transmit 
Mode, the minimum size for the first transmit buffer is 100 
bytes. When the buffers are not data-chained, the minimum 
size for the transmit buffer is 64 bytes to conform to Ethernet 
standards. These minimums prevent the LANCE from violating 
the mutual exclusion principle of the ring ownership bits as a 
result of a collision. The mutual exclusion rule states that the 
LANCE must not access a ring entry it does not own. The slot 
time is the time it takes to transmit 64 bytes over Ethernet. A 
collision can occur at any time during the first slot time. 


4.5.5 RECEIVE BUFFERS 


The minimum size for the first receive buffer is specified as 64 
bytes. If this spec is not adhered to, the LANCE could cause 
the violation of the mutual exclusion principle of the ring owner- 
ship bits. 


This happens if the receive buffers are less than 64 bytes each 
and a packet that is larger than the first buffer but less than 64 
bytes (a runt packet) arrives. The LANCE fills the first buffer, 
updates that buffer's status and turns over the ring ownership 
to the host. When the packet terminates as a runt, the LANCE 


discards it. The LANCE backs up its internal receive ring ad- 
dress pointer and byte count registers to their values at the 
beginning of the reception so that it can use this buffer for the 
next packet. However, this buffer has already been turned over 
to the host. 


When the next packet arrives, the LANCE will reuse the buffer 
that it filled during the previous runt packet although it is now 
owned by the host. This violates the mutual exclusion rule of 
the ring ownership bits. 


If the host had been polling the ownership bits, it could have 
already used the data in that receive buffer although it was not 
valid data. The host expects the next receive packet to start at 
the next receive buffer but the LANCE starts at the previous 
buffer. If the next receive packet is a legal packet, the LANCE 
will data chain at least two buffers because the first buffer is too 
small. The host then starts looking at the second buffer of the 
chain because it has already serviced the previous buffer when 
the ownership bit was turned over during the previous runt 
packet. Under these conditions, the host will not see the ex- 
pected packet format (the destination address, source ad- 
dress, etc.) in the receive buffer. 


4.6 INTERRUPTS 


The interrupt pin is simply an OR of the interrupt causing 
conditions. The occurrence of another interrupt after the inter 
rupt pin is asserted does not generate another transition on the 
interrupt pin. Interfaces that require a transition per interrupt 
may use the following software routine to force a transition on 
the interrupt pin. 


READ CSRo AND STORE IN MEMORY OR A REGISTER 


CLEAR THE INTERRUPT ENABLE (BIT 06) IN THE 
STORED CSRo 


WRITE CSRo WITH THE STORED VALUE (BIT 06 IS NOW 
CLEAR) 


SET THE INTERRUPT ENABLE BIT IN CSRo 


At the time the interrupt is first serviced, this routine first reads 
CSRo to capture the register and store its value in memory or a 
register. Then the stored value is written to CSRo with Bit 06 
clear, clearing the interrupt-causing conditions present at the 
time the register was read. They are cleared because they are 
all “write-one-to-clear” bits. This clears out the old interrupt 
flags and preserves any new ones set after the register was 
read. It causes the LANCE to deassert the interrupt pin be- 
cause interrupt enable is now clear. The last step is to set 
interrupt enable again. This must be done with a Write Only 
instruction, such as MOVE, so that any new interrupt flags are 
not cleared by a Read-Modify-Write operation. At this time, if 
there were any new interrupt flags set after CSRo was first 
read, the’interrupt pin will be reasserted generating a new 
transition for the new interrupt flags. 


It is possible to have more than one interrupt-causing condition 
for each interrupt generated. For example, if an interrupt is 
received and the RINT bit is set, there could have been more 
than one receive buffer turned over to the host, because other 
receive buffers could have been filled before the host services 
the interrupt. This is also true for transmit interrupts. In fact, a 
receive buffer could have been turned over to the host after a 
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transmit interrupt has been generated. This happens if a 
transmit interrupt was generated, if the host software read 
CSRo, and if a receive buffer was filled before the host soft- 
ware finishes the transmit routine. Therefore, it is wise to check 
both the Receive and Transmit Rings for buffers owned by the 
host whenever an interrupt occurs. 


LANCE asserts the interrupt signal (INTR) every time it 
updates the internal register, CSRo, provided the INEA bit is 
set. Interrupt remains asserted until one of the following condi- 
tions is met: 


1. Source of interrupt is removed. 
2. RESETis asserted. 
3. Stop bit gets set in CSRo. 


There are four types of interrupts noted in CSRo: 


1. Initialization done. 

2. Fatal and non-fatal errors. 
3. Receive Descriptor update. 
4. Transmit Descriptor update. 


It is important and necessary to acknowledge the interrupts in 
real time so that the segment of the LANCE status being 
updated is not lost. This also enables the processing of 
transmit and receive buffers promptly. 


There is only one interrupt condition, MISS error, which re- 
quires a response. When MISS error occurs, it must be cleared 
by the user, or no more packets will be received, even if some 
receive buffers have been relinquished to the LANCE. (The 
MISS error requirement applies only to the LANCE Rev. B. The 
LANCE Rev. C does not require the MISS bit to be cleared to 
receive the following packets.) However, there is enough time 
(67.2 us) between the MISS error bit getting set and the arrival 
of another packet. The 67.2 us is measured based on back-to- 
back short packets (64 bytes) addressed to this node, and the 
size of the SILO (48 bytes). 


No other interrupt bits in CSRo will result in the loss of any 
packet. If interrupt is not serviced before the next interrupt 
occurs, then the new status bits get ORed with the old ones 
before CSRo is updated. It is possible for the user to lose the 
sequence of status being updated. 


The discussion below describes one way of handling a long 
interrupt latency. Since some software overhead may be in- 
volved in responding to the interrupts, a buffering scheme 
(software FIFO) may be used to ensure that all the events are 
recognized and serviced in the order of occurrence. 


A software FIFO as large as Transmit/Receive Ring size is 
allocated to store the CSRos in the order of interrupt occur 
rence. The interrupt service routine merely reads the CSRo 
and stores it for later processing by status processing routines 
thus making it as short as possible. (See Figure 4-3.) This 
approach will assure that all the events are captured in the 
order of occurrence. 


4.7 TRANSMIT DRIVER 
CONSIDERATIONS 


The host communicates with the LANCE, via the Transmit 
Ring, for packet transmission. There can be up to 128 descrip- 
tor entries, four words per entry, in the Transmit Ring. 
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INTERRUPT 


READ CSRy | 
FROM LANCE 


CLEAR INTERRUPT 
WRITE SAME CSRo 
TO THE LANCE 


SAVE CSRo 
CSRy FIFO «— CSRo 
ENABLE INTERRUPTS 
RETURN 


Figure 4-3 Interrupt Service Routine 
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The user should have two pointers associated with the 
Transmit Ring: 


1. TXDESW — Transmit Descriptor Write Pointer 
2. TXDESR — Transmit Descriptor Read Pointer 


TXDESW points to the first descriptor of the packet queued for 
transmission by the host (OWN=1, STP=1). TXDESR points 
to the first descriptor of the packet just relinquished by the chip 
(OWN=0, TINT=1). 


TXDESR and TXDESW originally point to the same location, to 
the beginning of the Transmit Ring. Once the packet transmis- 
sion starts, the TXDESW pointer normally leads the TXDESR 
pointer. The user sets up the descriptors by flowing/wrapping 
around the ring, and LANCE chases the user sequentially to 
send the buffers out. 


Transmit data buffers are usually scattered around in the 
memory. Before initiating a transmission, the user needs to 
invoke the lower level transmit driver routine to change the size 
of large and small buffers scheduled for transmission. One 
approach, as illustrated in Figure 4-4, is to shrink down the 
large buffers to 1500 bytes each and chain the small buffers 
together by taking advantage of LANCE’s buffer management 
data chaining scheme. Three types of lists can be associated 
with transmit routines to transmit a large block of data (for 
example, 10K bytes). 


List 1: 

This list contains pointers to buffers (any location in memory), 
with different buffer sizes (no limitation in buffer sizes), to be 
transmitted as one block in the order defined sequentially in the 
list. LIST1PTR is the pointer to this list. Each entry on the list 
designates the buffer pointer and buffer size. End of list is 
recognized by an end of list flag (for example, FFFF...). 


LIST 1: LIST 2 LIST 3: 


PACKET1 PTR 
LIST1 PTR —> 


LIST2 PTR —» 
24 si aouaese) PACKET! PTR DESC1 BUFF PTR 
e ENTRIES 2 ENTRIES 
PER FILE FILE1 SIZE PER 
KET2 PTR 
(16 BIT ADDRESS) PACKE BUFFER DESC1 BUFF SIZE 
FILE2 ADR | 2 | DESC2 BUFF PTR 
FILE2 SIZE DESC2 BUFF SIZE 


PACKETM PTR 
END OF LIST 


FILE3 ADR 


FILE3 SIZE 
DESC K BUFF PTR 


DESC K BUFF SIZE 


FILE N ADR END OF LIST 


FILE N SIZE 
PACKET2 PTR 


agneko: DESC1 BUFF PTR 


DESC1 BUFF SIZE 


DESC2 BUFF PTR 


DESC2 BUFF SIZE 


DESC | BUFF PTR 


DESC | BUFF SIZE 


END OF LIST 


FILE2 ADR Y 


FILE2 (E.G., 5000 BYTES) 
PACKETM PTR 


DESC1 BUFF PTR 


FILE1 ADR 77 DESC1 BUFF SIZE 


FILE1 (E.G., 2000 BYTES) |: --BESKSRUEE ETA 


DESC2 BUFF SIZE 


FILE3 ADR 
FILE3 (E.G., 40 BYTES) 


Hy 


DESC JBUFF PTR | 


DESC J BUFF SIZE § 


ENDOFLIST f 
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Figure 4-4 Transmit Block Buffer Packing 
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List 2: 

One of the transmit routines uses List 1 to generate List 2. 
Each entry on List 2is a pointer to a packet (List 3). List 2 is a 
translation of a block of data (List 1) with large and/or small 
buffers to one or more packets. End of list is recognized by the 
end of list flag (for example, FFFF...). LIST2PTR is a pointer as 
_an input to the lower level transmit driver routine to transmit the 
whole block (all the packets in List 2). 

List 3: 

Each entry on this list designates the buffer pointer and the 
buffer size (<=1514 bytes; see Note 1) for each buffer that is 
chained together to be transmitted as one packet. At the end of 
the packet, a list flag is used to designate the end of the list. 
The lower level transmit driver routine transfers both the buffer 
pointers and buffer sizes directly to the transmit ring descrip- 
tors. The buffer pointed to by the first entry in list 3 must contain 
the header information (Source address, destination address, 
and type (or length) field. 


NOTE 1 
The user should be cautious about address and type 
field insertion for transmission of each packet. Since 
LANCE does not insert destination or source ad- 
dresses or type field, the user must append the ad- 
dress and type field (14 bytes) to the beginning of each 
packet. 


The transmit driver routine; TXDRIVE, shown in Figure 4-5 
uses LIST2PTR as the pointer to the packet list to set-up the 
transmit descriptors for transmission. Transmit driver routine 
(Figure 4-5) and TX_ Status routine (Figure 4-6) keep track of 
the two pointers, TXDESW and TXDESR by using a software 
FIFO. The transmit driver routine writes the pointer, TXDESW, 
to the FIFO and the TX_Status routine reads the pointer, 
TXDESR, from the FIFO. The FIFO size should be as large as 
the transmit ring size. This approach allows the transmission 
process of the packet to be performed in the correct order and 


minimizes the software complexity of managing the Transmit . 


Ring. 

As pointed out earlier, the TXDESW pointer normally leads the 
TXDESR. If these two pointers point to the same location 
(TXDESR = TXDESW), it is an indication of having either a 
small ring (much less than 128) or the LANCE transmitter has 
been turned off because of some particular error(s). Should the 
transmitter shut off, the user is notified via interrupt. CSRo 
Register, TXON Bit, may then be checked to see if the 
transmitter is on. 


The LANCE normally polls the Transmit Ring descriptor once 
every 1.6 ms until it finds a packet (defined/addressed in the 
descriptor) to be sent out. However, the user may demand 
faster polling time (every 1-2 us) by continuously setting the 
TDMD bit in CSRo, after it gets cleared by the LANCE. The 
user should normally set the TDMD bit every time it relin- 
quishes (sets the OWN bit) the first descriptor of a packet to the 
LANCE. 
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NOTE 

As shown in the transmit routine flowchart, the user 
should not relinquish the descriptors (buffers) until all 
the descriptors for the packet have been set up. (ENP 
bit is set in the last descriptor.) After the descriptors are 
set up, the user should clear the OWN bit of each 
descriptor in the reverse order (last descriptor first, first 
descriptor last). This technique will prevent transmit 
buffer error (TMD3, BUFF error). 


As shown in Figure 4-6, there are two variables, TXDESR and 
TINTCNT, used for processing the packets that LANCE has 
transmitted. TINTCNT corresponds to the number of packets 
that have been transmitted (times that the TINT bit has been 
set in CSRo) but not processed by the CPU to update their 
status. TXDESR is the pointer to the first descriptor of the 
packet relinquished by the LANCE and not processed by the 
CPU. This mechanism is used to assure servicing the packets 
in the order of transmission and to prevent TINT being set 
twice without the CPU awareness that two packets have been 
transmitted by the LANCE. 


When checking for errors, the user needs to check both the 
ERR and BUFF bits, since the ERR does not include the BUFF 
error. When processing errors, BUFF or UFLO errors should 
be treated as fatal errors since these errors are due to a mal- 
function in hardware and/or software designed around the 
LANCE and it is under user’s control. LCOL error should also 
be treated as a fatal error. In a maximum Ethernet configura- 
tion, a collision might occur within the first 64 bytes of the 
packet but not beyond. LCOL error can also be due to a fault 
(open or short) in the coaxial cable. | 


LCAR error can be due to a malfunction in the receive section 
at the transceiver or fault between transceiver and SIA 
(Receive + pair) or SIA and LANCE (RENA input to the 
LANCE). The LANCE requires RENA to become and remain 
active before TENA is deasserted; otherwise an LCAR error 
will be set. If RENA drops out while transmitting (TENA High), 
an LCAR error will get set and the LANCE will continue to 
transmit the packet. A fault (short) in the coaxial cable can also 
cause an LCAR error. 


The RTRY error is set when the LANCE attempts 16 times to 
transmit the packet and does not succeed. This error is less 


-likely to occur. However, this error can occur in a very heavily 


loaded network, a failure of a node in the network, or an open 
in the coaxial cable. 


As shown in the flowchart in Figure 4-6, after the packet has 
been transmitted, in particular when the buffers are data 
chained, the user should check the status of all descriptors for 
errors (ERR bit). This is because RTRY error is updated in the 
first descriptor, and LCOL and UFLO can occur anywhere from 
the first descriptor to the last descriptor of the packet. When 
late collision occurs (LCOL=1), the LANCE continues to 
transmit the packet. 


TX DRIVE 


INITIALIZE 
BYTES <— 0 


“SMALL TX RING OR 


BUSY NETWORK” 
“OR” 
N 


SET START OF PACKET 
TMD, <STP> <—1 


LOAD TMDp, TMD, WITH 
BUFFER POINTER 


TMDo, TMD, «— LIST2 PTR (PACKET PTR(1)) 


LOAD TMD. WITH BUFFER SIZE 
TMD» «— LIST2 PTR (PACKET PTR (2)) 


BYTES <— TMD» + 
BYTES 


REACHED TO 
END LIST FOR 
THIS PACKET 
OF LIST3 


N 
NEXT DESCRIPTOR 
TXDESW «— TXDESW + 4 


TXDESW> TXBOT 
? 
RESET TXDESW 
TXDESW <— TXBEG 


Figure 4-5 Transmit Routine (TXDRIVE) to Setup Packets for Transmission (Sheet 1 of 2) 
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GET TXDESW, 
TMD, 


NEXT BUFFER FOR THIS 
PACKET IN LIST 3 
PACKET PTR(1) <— 
PACKET PTR(1) + 2 


TMD, <STP> <—0 


BYTES 
TXDESW 
TXBEG 
PACKET PTR(1) 
PACKET PTR(2) 
LIST2 PTR 


No. of bytes in the packet 
Transmit descriptor write pointer 
Pointer to beginning of transmit ring 
Pointer to buffer address | 
Pointer to buffer size 

Pointer to a packet entry in List 2 


SAVE POINTER 
TEMP <— TXDESW 
TMD, <ENP> <— 1 


TMD, <OWN> <— 1 


BACKUP TO PREVIOUS 
DESCRIPTOR TO 
SET OWN BIT 
TXDESW <— TXDESWSP - 4 


RESTORE POINTER 
TXDESW <— TEMP 


INCREMENT/WRAPAROUND TO 


THE NEXT DESCRIPTOR 
TXDESW <— TXDESW + 4/ 
TXDESW <— TXBEG 


NEXT PACKET IN LIST 2 
LIST2 PTR <— LIST2 PTR + 1 


~ RETURN 
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Figure 4-5 Transmit Routine (TXDRIVE) to Setup Packets for Transmission (Sheet 2 of 2) 
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TX-STATUS 


GET TXDESR, 
TMD, 


FATAL ERROR 


INVALID ERROR 
CONDITION 


STOP LANCE 
CSRp <STOP> «— 1 


ADJUST TXDESR PTR 
TXDESR ~<— TXDESR + 4 
WRAPAROUND IF END OF THE RING 


REARRANGE TX 
_ AND RX RINGS 
DESCRIPTORS 


PROCESS ERRORS. 


ADJUST TINTCNT 
TINTCNT <— TINTCNT - 1 


RE-INITIALIZE 
THE LANCE 


RETURN 


TINTCNT = No. of TINT interrupts 
TXDESR = Pointer to the first descriptor of the packet relinquished by the LANCE and not processed by the 
CPU 
TXBOT = Pointer to the bottom of the ring 
TXBEG = Pointer to the beginning of the ring. 
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Figure 4-6 Transmit Packet Status Processing (TX-STATUS) 
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4.8 RECEIVE DRIVER 
CONSIDERATIONS 


The host communicates with the LANCE, via the Receive Ring, 
for packet reception. There can be up to 128 descriptor entries, 
four words per entry, in the Receive Ring. 


The user needs to allocate some buffers through the descriptor 
entries in the Receive Ring for the arrival packets, if the 
receiver is enabled (turned on via Initialization Block). Multiple 
buffers with different sizes scattered around in the memory 
may be allocated to the LANCE for reception. Receive driver 
routines and buffer management tasks can be relatively com- 


plex when the user needs to keep up with incoming back-to-. 


back packets. 
The user has 3 major tasks to handle at all times: 


1. Respond fast enough to LANCE’s DMA requests 

2. Always have enough available receive buffers for arriving 
packets 

3. Provide fast interrupt response time and short interrupt ser- 
vice routine to capture/distinguish the events in the order of 
occurrence for each packet. However, the packets will not 


be lost if interrupt processing is not in real time; CSRo ~ 


update is an OR operation of the new CSRo and the previ- 
ous CSRo. 


The user must keep track of the incoming receive packets, 
process the packets (check status and empty buffers), and 
allocate enough available receive buffers to store all incoming 
packets. A global pointer associated with the Receive Ring is 
needed to process the received packets sequentially in the 
order of arrival. This pointer, Received Descriptor Pointer 
(RXDPTR), is used in RX-Status routine (Figure 4-7) to locate 
the buffers for the received packet, check the integrity of the 
packet, and update the value of RXDPTR (pointer to the first 
descriptor of the next packet). 


The node processor and the host CPU software may use a 
semaphore approach to communicate with each other. This is 
accomplished by allocating a software FIFO to be a Write Only 
by the node processor, and a Read Only by the host CPU. This 
FIFO has multiple entries each of which contains two locations: 
a pointer to the first descriptor for a packet (RXDPTR) and the 
number of descriptors (buffers) for this packet (RXDPSNO). 
The host CPU is interrupted by the node processor every time 
an entry is added to the list (FIFO). The host CPU, in return, 
reads the entry from FIFO to empty the buffer(s) and relinquish 
the buffers to the LANCE using the RXDPTR and RXDESNO. 
_ This technique speeds up the received packet processing time 
and diminishes the probability of missing packets as a result of 
no receive buffers being available. 


The data chaining scheme in the LANCE makes efficient use of 
the memory during the packet reception. It is practical to assign 
small buffers (for example, 256 bytes) for receive buffers allo- 
cated to the LANCE. With small buffers, there is less unused 
space in each buffer when storing packets that are short. For 
packets larger than the buffer, data-chaining is used. Storing 
small packets in large buffers results in large unused and un- 
usable areas of memory and results in the data being in frag- 
mented areas scattered around in the memory. 
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RINTCNT variable shown in Figure 4-7 contains the number of 
times that the RINT bit has been set in CSRo without being 
processed by the user. This value corresponds to the number 
of packets which have been received with or without the error 
and are awaiting processing. Figure 4-7 uses RINTCNT and 
RXDPTR to process back-to-back packets in the order of ar 
rivals. 


As it implies in Figure 4-7, the user should start checking the 
RMD, of each descriptor until it finds either ENP or ERR bit 
set. IF ERR bit is set and ENP bit is not, it indicates that an 
error (such as BUFF or OVFL) occurred before the packet 
ended. If ENP bit is set, it indicates that the packet has ended 
(cable has gone idle) and the current descriptor is the last 
descriptor for this packet. When ENP and ERR are both set, it 
is an indication that there is a CRC or both CRC and framing 
error. 


It is important to note that the LANCE interrupts the user when 
it updates the last descriptor (clears the OWN bit) for current 
received packet. It does not interrupt (does not set RINT) for 
each descriptor update when the packet consists of multiple 
descriptors. 


When the LANCE interrupts the CPU due to RINT, packet 
reception, the user should clear the source of interrupt (here 
RINT bit) so that it can distinguish the arrival of the next packet 
from the current one when RINT bit is set again. 


The minimum time (worst case) for the RINT bit to be set again 
is as follows: At the end of a packet reception from the cable, 
the Silo has 48 bytes for the LANCE to transfer into a buffer 
before issuing a RINT. This transfer requires three DMA se- 
quences of 4.8 us each plus two bus dwell times of .7 us. each 
(bus request response time, HOLD to HLDA, is ignored) for a 
total of 15.8 us. However, the transfer does not start until after 
the interpacket gap time of 9.6 us followed by 6.4 us of 
preamble time. The transfer starts just as the data from the 
next packet starts to enter the Silo. In this case, the RINT bit is 
set 15.8 us after the next packet starts to fill the Silo. If the 
worst case happens and the Silo overflows, another RINT in- 
terrupt is issued for the error condition. The time required for 
the second RINT to occur is 22.6 us ([48 x 0.8] - 15.8). This is 
the interrupt latency of the LANCE for RINT bit to get set again. 


This worst case interrupt latency only applies if the LANCE is 
not assured of prompt response to DMA bus requests. If the 
LANCE DMA bus latency is eight us, and the LANCE requests 
the bus as soon as eight words are in the Silo, there will be a 
maximum of thirteen words in the Silo when the end of the 
packet arrives. Tne LANCE takes 4.8 us to transfer the first 
eight words and 6.5 us (5 x (.6 + .7)) to transfer the remaining 
five words, one word at a time for a total of 11.3 us before the 
first RINT is set. 


The packet intergap time is 9.6 us and the preamble is 6.4 us 
for a total of 16 us before data from the next packet starts to fill 
the empty Silo. If the LANCE now fails to acquire the DMA bus, 
the Silo will overflow causing a second RINT 43.1 us after the 
first RINT (16 - 11.3 + 48 x .8). This is the interrupt latency 
under these more reasonable conditions. 


The errors associated with packet reception are BUFF, OVFL, © 
CRC, and FRAM errors. The packets are normally discarded 
when any of these errors occur. Note that there may be an 
OVFL error when there is a BUFF error. 


RX_STATUS . 
RXDESNO =<— 0 


GET RXDPTR 
TEMPLOC <— RXDPTR 
N 
GET TEMPLOC <RMD1> 


FATAL ERROR 
INVALID ERROR {| 
CONDITION 


STOP LANCE 
CSRy <STOP> <— 1 
(SOFT RESET) 


RXDESNO «— RXDESNO + 1 
TEMPLOC «— TEMPLOC + 4 
WRAPAROUND IF END OF THE RING 


PROCESS ERRORS 


BUFF, OVEFL, 
FRAM, CRC 


DISCARD 


GET TEMPLOC <RMD, > 
REUSE THE 
BUFFERS 


SOFT FIFO <— RXDPTR, 
RXDESNO 


NEXT FREE BUFFER 
RXDPTR «— TEMPLOC 


RINTCNT <— RINTCNT - 1 
RETURN 


RINTCNT = No. of RINT interrupts 

RXDPTR = Pointer to the first descriptor of the packet received by the LANCE and not processed by the CPU 
RXDESNO = No. of descriptors for the received packet 

Soft FIFO = A software FIFO shared by the host and the node processor. It contains two entries per packet, 


RXDPTR, RXDESNO has write only by the node processor and read only by the host CPU. 


Figure 4-7 Receive Packet Status Processing 06363A-17 
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4.9 STATUS MONITORING AND 
ERROR PROCESSING 


CSRo_ Status routine shown in Figure 4-8 monitors a software 
FIFO used by the interrupt handler to save the contents of 
CSRpo after each interrupt (Figure 4-3). Each CSRo record is 
checked for IDON, RINT, TINT, and ERR bits. If the ERR bit is 
set, it calls another routine, ERR_CSRo (Figure 4-9), to 
process the fatal and non-fatal errors. 


The IDON bit, when set, indicates that the initialization of 
LANCE has been done. 


The counter variable, RINTCNT is incremented whenever 
RINT is set. RINTCNT is monitored by the routine, RX-Status 
(Figure 4-7). RX-Status uses RINTCNT to determine if any 
receive packets need to be processed. The value of RINTCNT 
corresponds to the number of packets which have been 
received by the LANCE but have not been processed by the 
CPU. Similarly, TX-Status routine uses TINTCNT to be able to 
process the results of the transmitted packets in the order of 
transmission. 


TINTCNT corresponds to the number of packets to be pro- 
cessed by the.CPU which have been transmitted by the 
LANCE. The counter variable, TINTCNT is incremented 
whenever the TINT bit is set. TINTCNT is monitored by the 
routine, TX-Status (Figure 4-6). 


ERR_CSRo routine shown in Figure 4-9 illustrates the typical 
actions which users would normally take when processing the 
errors. The errors, MERR and BABL should be recognized as 
fatal errors. CERR and MISS are considered non-fatal errors. 


MERR error indicates that the LANCE did not receive any 
acknowledgement from the system (READY High) 25.6 us after 
the start of the memory cycle. The problem can be the result of 
the LANCE accessing an invalid address (wrong buffer poin- 
ters might have been given to the LANCE in the descriptors) or 
it may be a memory interface problem between the LANCE, 
CPU, and memory.. | 


BABL error occurs after the LANCE starts loading the 1519th 
byte to the SILO (maximum Ethernet packet is 1518 bytes). 
The LANCE continues to send the remainder of the packet 
following 1518 bytes. When this error occurs, the user should 
stop the transmission by setting the Stop bit in CSRo. It is the 
user's responsibility not to have the packet more than 1514 
bytes (1514 if CRC is generated by the LANCE, DTCR=0; 
1518 if CRC is to be generated by the user, DTCR=1). It is 
worthwhile to mention that the LANCE can send up to 4K bytes 
(BCNT=12 bits in TMD2) for each packet where it sets the 
BABL error following 1518 bytes. . 


CERR (collision, heartbeat, or SQE Test error) is a transceiver 
test feature. During this test, CERR is set if the LANCE does 
not see the collision within 2.0 us after a chip initiated transmis- 
sion. Most transceivers (IEEE 802.3/Ethernet compatible) 
have the SQE Test feature built in. Within some delay (less 
than 2.0 us) following a transmission, they send a 10.0 MHz 
signal on collision pair. In the LANCE/SIA application, the SIA 
translates the 10.0 MHz differential signal to a TTL signal on 
CLSN line to the LANCE. CERR error does not cause an inter- 
rupt. The user can normally check CERR when the TINT bit 
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gets set following transmission of the next packet. When the 
LANCE/SIA is interfaced with a transceiver which does not 
have the SQE Test function, the user simply ignores the exis- 
tence of the CERR bit. Typical application where SQE Test 
may not be desirable is in repeater designs. 


4.9.1 MISS ERROR 


In the LANCE Rev. B, when a MISS error is set in CSRo, it 
must be cleared immediately, or the next packets addressed to 
this node will not be received, even if some receive buffers 
have been relinquished to the LANCE. The LANCE Rev. C 
does not require the MISS bit to be cleared to receive the 
following packets. 


4.9.2 RECEIVER and/or TRANSMITTER 
TURN OFF DUE to ERROR 


There are three types of error which cause the transmitter to be 
turned off (CSRo, TXON=0): 


(1) Memory error (MERR) 
(2) Underflow (UFLO) 
(3) Buffer error (BUFF) 


The only type of error which causes the receiver to be turned 
off (CSRa, RXKON=0) is a memory error (MERR). The chip has 
to be restarted in order to turn the transceiver and/or receiver 
back on again. The easiest way to restart the LANCE is by 
setting the Stop bit and then setting the Start bit in CSRo. This 
turns the receiver and transmitter on again because DRX and 
DTX are still cleared in the Mode Register. However, setting 
the Stop bit may cause some confusion for the user if the 
LANCE is in the middle of a transmission or reception or if the 
buffers are data chained. 


It is recommended that the LANCE be re-initialized, rather than 
setting the Start bit when it stops. Care must be applied when 
stopping the LANCE because setting the STOP bit clears 
CSR 3. CSR3 must be reprogrammed if it contained a non-zero 
value before the LANCE was stopped. The LANCE can also be 
re-initialized by setting the INIT bit, but this is not necessary 
unless a change of operating parameters is desired. 


4.10 PROGRAMMER ORGANIZATION 
OF THE LANCE REGISTER 
INFORMATION 


The 8086 System register organization is different than the 
organization of 68000 registers. Therefore the programmer 
needs to know the organization of the system to be used with 
the LANCE so that the Initialization Block information and the 
Descriptor Ring entries are stored correctly. 


In a 16-bit word in the 68000 system, byte 0 consists of bits 8 
thru 15 (the most significant bits) and byte 1 consists of bits 0 
thru 7. The word, AD 80, in 68000 assembly code is stored in 
memory as AD 80. This is the correct order of bytes for the 
LANCE control registers. 


CSRp_ STATUS 


CSRo FIFO 
EMPTY 
2 


N 
GET CSRp FROM FIFO 


START THE LANCE 
IF NOT READY STARTED 
CSRoy (STRT) <— 1 


PROCESS ERRORS 


RINT CNT «<— RINTCNT + 1 


RX_STATUS 


PROCESS RECEIVED 
PACKETS 


TINTCNT <— TINTCNT + 1 


TX_STATUS 


PROCESS TRANSMIT 
PACKETS STATUS 


EXIT 


Figure 4-8 CSRpo Status Processing 


06363A-18 


2-59 


ERR_CSRO 


GET CSRo 


MISS =1 


NOT ENOUGH RX 


TRANSCEIVER WIT 
BUFFERS, PACKET hi 


NON_SQE TEST 
WAS LOST— ~ OR 
ALLOCATE RX BUFFERS TRANSCEIVER/SIA 
COLLISION PATH 


FAILURE 


LOG ERRORS 
RETURN 


MERR=1 


BABL=1 


FATAL ERROR 


LANCE-MEMORY 


_ FATAL ERROR 


SOFTWARE 
plied PACKET SETUP OR 
PROBLEM 
LANCE FATAL 
ERROR 


STOP LANCE 
CSRy (STOP) <— 1 


06363A-19 


Figure 4-9 CSRo Error Bit Processor, ERR-CSRO 


However, data must be serialized for transmission and 
serialized data is handled as bytes rather than words. Serial 
byte data in ascending order is stored in memory as byte 1 
(bytes 0-7) followed by byte 0 (bits 8-15). In serializing the 
data for transmission, the byte in the low-order bit positions is 
sent first. Therefore, the 68000 data being transmitted or 
received must be byte-swapped. The LANCE has a byte- 
swapping mechanism to perform this function. It is a control bit 
called BSWP in the Control and Status Register 3. When it is 
set to 1, the LANCE swaps the high and low bytes on DMA 
data transfers between the Silo and memory. 


Figures 4-10, 4-11, and 4-12 show the Initialization Block and 
Descriptor Ring organization of control information required in 
a 68000 program for proper functioning in the LANCE. Figure 
4-16 shows the relationship between control data in a 68000 
register, in memory, and in a LANCE register. Figure 4-17 
shows the relationship of serialized data and memory with and 
without byte swapping. 
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The 8086 stores sixteen-bit words with the low order byte (byte 
0, bits 0-7) on an even byte boundary and byte 1 (the most 
significant eight bits) on the next higher byte address. For ex- 
ample, a data word stored in an 8086 register or in a program 
as AD 80, is stored in memory as 80 AD. 


The LANCE stores word data in its control registers in the 
same order as it is stored in memory. It is the programmer's 
responsibility to store control information in the order needed 
by the LANCE. Figures 4-13, 4-14, and 4-15 give an 8086 
programmer's view of the LANCE Initialization Block and 
Descriptor Ring information. Figure 4-16 shows the relation- 
ship between control data in an 8086 register, in memory, and 
in a LANCE register. 


Because of the order that the 8086 stores bytes in memory 
during word transfers, no byte swapping of transmitted or 
received data is required when an 8086 system is used with 
the LANCE. The BSWP control bit is set to zero. 


Word |< Byte 0———>| Byte 1 —_—_—_—__——_>| 
Address 15 1413121110 9 8 7 6 5 4 3 2 1 0 Bits 
ADR +2 | PADR(bits 15:8) | PAD (bits 7) 
PADR (bits 15:8) PADR (bits 7:0) Physical 
IADR + 4 PADR (bits 31:24) PADR (bits 23:16) Address 
Register 
IADR + 6 PADR (bits 47:40) PADR (bits 39:32) ss 
IADR + 8 LADRF (bits 15:8) LADRF (bits 7:0) a 
ogica 
IADR + 10 LADRF (bits 31:24) LADRF (bits 23:16) Address 
IADR + 12 LADRF (bits 47:40) LADRF (bits 39:32) niter 
IADR + 14 LADRFF (bits 63:56) LADRF (bits 55:48) 
IADR + 16 RDRA (bits 15:8) RDRA (bits 7:0) Fieceive 
Descriptor 
IADR + 18} RLEN (31:29) Reserved RDRA (bits 23:16) Ring Pointer 
IADR + 20 TDRA (bits 15:8) TDRA (bits 7:0) Transmit 
Descriptor 
IADR + 22] TLEN (31:29) TDRA (bits 23:16) Ring Pointer 
06363A-20 
Figure 4-10. Initialization Block Organization in 68000 Assembly Code 
Word Byte 0 + Byte 1 ——>| 
Address 15 14 13 12 11 10 9 8 76543210 Bits 
RDRA + 0 RBADR (bits 15:8) RBADR (bits 7:0) 
RDRA + 2 | own | ERR | FRAM|OFLO [crc] BUFF RBADR (bits 23:16) 
RDRA + 4 BCNT (bits 11:8) BCNT (bits 7:0) 
RDRA + 6 Reserved MCNT (bits 11:8) MCNT (bits 7:0) 
06363A-21 
Figure 4-11. Receive Descriptor Ring Entry Organization in 68000 Assembly Code 
Word Byte 0 > |«—— Byte 1 ——>| 
Address 15 14 13 12 11 10 9 8 76543 21.0 Bits 
TDRA + 0 TBADR (bits 15:8) TBADR (bits 7:0) 
ora +2| own [ena | Res| wore [one [oer [sre | ene | TBADA (oie 25:6) 
TDRA + 4 BCNT (bits 11:8) BCNT (bits 7:0) 
TDRA + 6 | BUFF JUFLO {| RES| LCOL jLCAR! RTRY{ TDR | (9:8) TDR (bits 7:0) 
06363A-22 


Figure 4-12. Transmit Descriptor Ring Entry Organization in 68000 Assembly Code 
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Word ~~ > eye! 


|< Byte 0 ——>| 


Address 15 14 13 12 11 10 9 8 765 43 2 1 =«0 Bits 
IADR + 2 PADR (bits 7:0) PADR (bits 15:8) Physical 
IADR + 4 sorte raion acess 
IADR + 18 RDRA (bits 23:16) RLEN (31:29) Reserved Sata aan 
IADR + 20 TDRA (bits 7:0) TDRA (bits 15:8) Transmit 
IADR + 22 TDRA (bits 23:16) TLEN (31:29) | Reserved aaa ee 
06363A-23 
Figure 4-13. Initialization Block Organization in 8086 Assembly Code 
Word |~—_-—— Byte 1 ———>|}+_______— Byte 0 —_____—_—»| 
Address — 15 1413121110 9 8 7 6 5 4 3 2 1 #0 Bits 
RDRA + 2 RBADR (bits 23:16) | Own | ERR| FRAM|OFLO| CRC | BUFF | STP | ENP | 
06363A-24 


Figure 4-14. Receive Descriptor Ring Entry Organization in 8086 Assembly Code 


Word <——_—— Byte 1 > |<«_____—_§ Byte 0>—_--__+| 
Address 15 1413121110 9 8 7 6 5 4 3 2 1 0 Bits 


TDRA + 0 TBADR (bits 15:8) 
TDRA + 2 own | ERR | RES|MoRE| ONE | DEF | STP | ENP | 


06363A-25 


Figure 4-15. Transmit Descriptor Ring Entry Organization in 8086 Assembly Code 
\ 
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8086 TO THE LANCE 68000 TO THE LANCE 


INIT TLB: DW AD75 INIT TBL: DC.W  75ADH 


15 8 7 


o 


15 8 7 0 
gosé REGISTER | AD | 75 68000 REGISTER | 75 | aD | 
15 8 7 0 


15 87 0 68000 MEMORY | __75_ | AD 
goss memory | __75_ | AD 


oO 


15 8 7 


15 8 7 


LANCE REGISTER [75 | AD 


Oo 


06363A-26 
Figure 4-16 Control Data Transfers Between the LANCE and CPU 
8086 MEMORY 68000 MEMORY 
NO BYTE SWAP WITH BYTE SWAP 
(BSWP = 0) (BSWP = 1) 
ODD EVEN EVEN ODD 
15 8 7 0 
SERIALIZED 
DATA 
TO/FROM SILO 
06363A-27 


Figure 4-17 Serial Data Storage in Memory 
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APPENDIX A 
GLOSSARY 


_ ACON ALE Control bit in CSR3 DMA The time required for the LANCE to transfer one 
ADR Register Data/Address Port Select Cycle word over the DMA bus (600 ns plus any wait 
ALE Address Latch Enable output pin on the LANCE states). nine burst moge, Ine. LANCE tanslels 

: eight words in 4.8 us each time it acquires the 

AS Address Strobe output for use by slave device DMA bus. 

BABL Error flag in CSRo (more than 1518 bytes in one DRTY Disable Retry flag in Moter (allows only one 
packet) transmission attempt) 

BCNT _ Buffer Byte Count entries in RMD2 and TMD2 DRX Disable the Receiver bit in Mode Register 

BCON Byte Control bit in CSR3 for Byte Mask and Hold DS Data Strobe on the Z8001 
I/O pins DTCR Disable Transmit CRC bit in Mode Register 

BMo/BYTE Input/output select DTX Disable Transmitter bit in Mode Register 

BSWP Byte Swap bit in CSR Daisy- A method of connecting bus master devices to 

BUFF Buffer Error flag in RMD; and TMD3 chain control interrupt priorities. 

BUSAKO Bus request output in daisy chain configuration of — Dwell The time interval between the LANCE's release 
the LANCE. If the LANCE is requesting the bus _ time of the bus to the next bus request. It is the time 
when it receives HLDA, BUSAKO remains high. interval that the HOLD line remains inactive. 
Otherwise, BUSAKO is set low when HLDA : 
ie ” ENP End of Packet flag in RMD; and TMD, 

BUSRQ _Bus Request output pin on the LANCE used in RR Error flag in descriptor rings, RMD and TMD, 
daisy chain configuration (CSR BCON = 1) and in Am7990 Control and Status Register 

: CSRo (“or” of BABL, CERR, MISS, and MERR) 

Bus Percentage of time a device holds and controls . 

Bandwidth the DMA bus. FIFO First In First Out data buffer (Silo) 

Bus Allowable bus latency is the time a device can FRAM Framing Error flag in RMD, 

Latency wait for the DMA bus after requesting it without wHaprR High Order 8 Address Bits of buffer described in 

| the loss of data or other functions. this entry of RMD; or TMD; — 

Bus When a device has access to a DMA bus, itisa = HLDA Hold Acknowledge input to the LANCE makes it 

Master bus master. the bus master. 

BM Byte Mask bits on the LANCE indicating which = HOLD Bus Hold Request output asserted by the LANCE 
byte(s) on the DAL lines are to be read or written when it requires the bus. 

CERR Collision Error flag in CSRo IADR Low order 16 bits of address of Initialization 

CLSN Collision logical input to the LANCE indicating Block in CSR}, high order 8 bits in CSRo. 
the presence of a 10.0 MHz differential signal in. IDON Status bit in CSRo indicates initialization has 
the collision pairs (collision +) at the transceiver been done 
interface cable INEA Interrupt Enable bit in CSRo enables the LANCE 

COLL Force Collision bit in the Mode Register in the INTR output. 

LANCE INIT Initialize flag in CSRo in the LANCE 

CRC Cyclic Redundancy Check flag in RMD, INT interrupt 

cs Chip Select input when asserted puts the LANCE = INTL Internal Loopback flag in the Mode Register 
Mo busrsidye Imoge INTR. Interrupt flag in CSRo. Active when one or more 

. g ) 

CSR Control and Status Registers in the LANCE of the CSRo status flags, BABL, IDON, MERR, 

DAL Data/Address Line pins on the LANCE MISS, RINT, or TINT, are set. 

DALI Data/Address Lines input control ISO International Standards Organization 

DALO Data/Address Lines output control LADR Low Order 16 Address Bits of buffer of this 

DAS Data Strobe is an input/output pin on the LANCE descriptor in RMDp and TMDo 
used to distinguish the data portion of a bus LADRF Logical Address Filter in Initialization Block. 64- 
transfer from the address portion. bit mask for logical addresses 

DEF Deferred flag in TMD,. Transmission deferred LANCE Local Area Network Controller for Ethernet 

DMA Direct Memory Access (Am7990) 
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LCAR 
LCOL 
Latency 
LOOP 


‘MCNT 
MERR 


MISS 


MORE 


OFLO 
ONE 


OWN 


PADR 


PAL 
PROM 


RAM 
RAP 


RAS 
RDP 


RDRA 


READ 


RENA 


RES 
RESET 


RINT 


Loss of Carrier flag in TMD3 

Late Collision flag in TMD3 

See Bus Latency 

Mode Register bit to control loopback for test 


Message Byte Count entry in RMD3 


Memory error flag in CSRo set when the LANCE 
as a bus master has not received READY within 
25.6 us after asserting the address on the DAL 
lines. 

Missed Packet flag in CSRo set when the 
receiver loses a packet because no buffers are 
available. 


More than one entry needed (to transmit packet) 
flag in TMD, 


Overflow Error flag in RMD ,. Received data lost. 
Exactly One Entry Needed (to transmit packet) 
flag in TMD, 


Descriptor entry owner (host/chip) flag in RMD, 
and TMD, 


48-bit Physical Address assigned to chip (entry in 
Initialization Block) 


Programmable Array Logic 


Promiscuous mode (accepts all incoming pack- 
ets) flag in Mode Register 


Random Access Memory 


Register Address Port (bus addressable register) 
in LANCE 


Register Address Select 


Data Port (bus addressable register) in the 
LANCE 


Receive Descriptor Ring base address entry in 
Initialization Block 


Input/output pin on the LANCE. High in Bus Mas- 
ter mode is input to read DAL lines, low means 
the LANCE has placed data on the DAL lines. 
The meaning is reversed in the Bus Slave mode. 


Receive Enable input to the LANCE. Indicates 
presence of carrier on the channel. 


Reserved 


Reset (Am7990 input) stops the LANCE opera- 
tion, clears its internal logic (CSRo and CSRs), 
and sets it into idle state with STOP bit set in 
CSRo. 


Receiver Interrupt flag in CSRo set after the 
LANCE has received a packet and updated the 
Receive Descriptor Ring. Also set if the reception 
is stopped due to a failure. 


RLEN 
RQ/GT 
RTRY 


RW 
RX 
RXON 
Runt 
RX 
SIA 
STP 
STRT 
Silo 


Slave 
Mode 


STOP 


T-state 


TDMD 


TDR 


TDRA 


TENA 


TINT 


TLEN 
TMD 


TX 
TXON 
TX 


UFLO 


Receive Ring Length 
Request/Grant bus exchange handshake 


Retry Error flag in TMD3 (transmitter failed in 16 
attempts) 


Read/Write Select 

Receive Input 

Receiver On flag in CSRo 

A packet that is less than 64 bytes long 
Receive input bit stream to the LANCE 


Serial Interface Adapter 
Start of Packet flag in TMD; and RMD, 
Start bit in CSRo 


A 48-byte FIFO memory in the LANCE used to 
transfer data between the local memory and the 
serial interface adapter 


The slave mode of the LANCE (CS asserted) is 
used to initialize the LANCE. 

Control bit in CSRo when set stops all external 
activity of the LANCE 


Timing cycle (100 ns) in the LANCE. One LANCE 
DMA cycle consists of six T-states plus any re- 
quired wait states. 


Transmit Demand for DMA bus. Control bit in . 
CSRpo to bypass DMA wait time 


Time Domain Reflectometer flag in TMDg in the 
LANCE 


Transmit Descriptor Ring base address in In- 
itialization Block 


Transmit Enable output on the LANCE used to 
enable external transmit logic 


Transmitter Interrupt flag in CSRo set after the 
LANCE has completed sending a packet and has 
updated the Transmit Descriptor Ring. Also set if 
the transmission is stopped due to a failure. 


Transmit Ring Length 


Transmit Message Descriptor entry in Transmit 
Descriptor Ring 


Transmit (output) 
Transmitter On flag in CSRo 
Transmit output bit stream on the LANCE 


Underflow Error flag in TMD3 


2—A-65 


APPENDIX B 


8086 program for multicast addressing and hash filter. 


6 : SUBROUTINE TO SET A BIT IN THE HASH FILTER FROM A 

7 : GIVEN ETHERNET LOGICAL ADDRESS 

8 : ON ENTRY SI POINTS TO THE LOGICAL ADDRESS WITH LSB FIRST 

9 : DI POINTS TO THE HASH FILTER WITH LSB FIRST 

10 : ‘ON RETURN SI POINTS TO THE BYTE AFTER THE LOGICAL ADDRESS 

11 : ALL OTHER REGISTERS ARE UNMODIFIED 

12 : 

13 PUBLIC SETHASH 

14 ASSUME CS:CSE61 

15 : 

16 = 1DB6 POLYL EQU 1DB6H ;CRC POLYNOMINAL TERMS 

17 = 04C1 POLYH EQU 04C1H 

18 : 

19 0000 CSE61 SEGMENT PUBLIC 'CODE'’ 

20 : 

21 0000 SETHASH PROC NEAR 

22 0000 50 PUSH AX ‘SAVE ALL REGISTERS 

23 0001 53 PUSH BX 

24 0002 51 PUSH CX 

25 0003 52 PUSH DX 

26 0004 55 PUSH BP 

27 : 

28 0005 B8 FFFF MOV AX,OFFFFH ;AX,DX = CRC ACCUMULATOR 

29 0008 BA FFFF MOV DX,OFFFFH ;PRESET CRC ACCUMULATOR TO ALL 1'S 

30 000B B5 03 MOV CH,3 ;CH = WORD COUNTER 

31 : 

32 000D 8B 2C SETH10: MOV BP,[S1] “GET A WORD OF ADDRESS 

33 OOOF 83 C6 02 ADD SI,2 “POINT TO NEXT ADDRESS 

34 0012 B1 10 MOV CL,16 ;CL = BIT COUNTER 

35 : 

36 0014 8B DA SETH20: MOV BX,DX ‘GET HIGH WORD OF CRC 

37 0016 Di C3 ROL BX,1 “PUT CRC31 TO LSB 

38 0018 33 DD XOR BX,BP ;COMBINE CRC31 WITH INCOMING BIT 

39 001A D1 EO SAL AX,1 ;-LEFT SHIFT CRC ACCUMULATOR 

40 001C D1 D2 RCL DX,1 

41 OO1E 81 E3 0001 AND BX,0001H ‘BX = CONTROL BIT 

42 0022 74 07 JZ SETH30 ;DO NOT XOR IF CONTROL BIT =0 

43 : 

44 ; PERFORM XOR OPERATION WHEN CONTROL BIT = 1 

45 : 

46 0024 35 1D86 XOR AX,POLYL 

47 0027 81 F2 04C1 XOR DX,POLYH 

48 : 

49 002B 0B C3 SETH30: OR AX,BX ;PUT CONTROL BIT IN CRCO 

50 002D D1 CD ROR BP,1 ;ROTATE ADDRESS WORD 

51 O02F FE C9 DEC CL ;DECREMENT BIT COUNTER 

52 0031 75 E1 JNZ SETH20 

53 0033 FE CD DEC CH ;DECREMENT WORD COUNTER 

54 0035 75 D6 JNZ SETH10 

55 ; 

56 ; FORMATION OF CRC COMPLETE, AL CONTAINS THE REVERSED HASH 
| ; CODE 

57 : . 

58 0037 B9 O00A MOV CX,10 

49 003A DO EO SETH40: SAL AL,1 ‘ REVERSE THE ORDER OF BITS IN AL 

60 003C DO DC RCR AH, 1 s;AND PUT IT IN AH 

61 OO3E E2 FA LOOP SETH40 
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62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 


: AH NOW CONTAINS THE HASH CODE 


0040 8A DC MOV BL,AH ;BL = HASH CODE, BH IS ALREADY ZERO 
0042 Bi 03 MOV CL,3 ;DIVIDE HASH CODE BY 8 
0044 D2 EB SHR BL,CL TO GET TO THE CORRECT BYTE 
0046 BO 01 MOV AL,O1H ;sPRESET FILTER BIT 
0048 80 E45 07 AND AH,7H sEXTRACT BIT COUNT 
004B 8A CC MOV CL,AH | 
004D D2 E0 SHL AL,CL SSHIFT BIT TO CORRECT POSITION 
O004F 08 01 OR [DI + BX],AL ;SET IN HASH FILTER 
0051 5D POP BP 
0052 5A POP DX 
0053 59 POP CX 
0054 5B POP BX 
0055 58 POP AX 
0056 C3 RET 
0057 SETHASH ENDP 
0057 CSEG1 ENDS 
END 


Basic computer program example to generate the hash filter, for multicast addressing, in the LANCE. 


100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 


REM 

REM PROGRAM TO GENERATE A HASH NUMBER GIVEN AN ETHERNET ADDRESS 
REM 

DEFINT A-Z 

DIM A(47) : REM ETHERNET ADDRESS = 48 BITS 

DIM C(32) : REM CRC REGISTER = 32 BITS 

PRINT "ENTER STARTING ADDRESS'; : INPUT A$ 

IF LEN (A$) < > 12 THEN 160 : REM THE INPUT ADDRESS STARTING MUST BE 12 CHARS 
REM 

REM UNPACK STARTING ADDRESS INTO ADDRESS ARRAY 
REM 

M=0 

FOR |=0 TO 47: A(l)=0O : NEXT | 

FOR N=12 TO 1 STEP -t1 

Y$ = MID$ (A$,N,1) 

IF Y$="0" THEN 420 

IF Y$=''1"" THEN A(M) =1 : GOTO 420 

IF Y$=''2"" THEN A(M+1)=1 : GOTO 420 

IF Y$=''3'' THEN A(M+1)=1 : A(M)=1 : GOTO 420 

IF Y$ =''4"" THEN A(M + 2) =1 : GOTO 420 

IF Y$="'5'' THEN A(M + 2) =1 : A(M)=1 : GOTO 420 

IF Y$='"'6'' THEN A(M+ 2) =1: A(M+1)=1 : GOTO 420 

IF Y$=''7'' THEN A(M+ 2) =1 : A(M+1)=1 : A(M)=1 : GOTO 420 
A(M + 3) = 1 

IF Y$="'8"' THEN 420 

IF Y$="'9"' THEN A(M)=1 : GOTO 420 

IF Y$="A'' THEN A(M +1) =1 : GOTO 420 

IF Y$=""B'' THEN A(M+1)=1 : A(M)=1 : GOTO 420 

IF Y$='"'C'' THEN A(M + 2) =1 : GOTO 420 

IF Y$="D"' THEN A(M + 2) = 1: A(M)=1 : GOTO 420 

IF Y$="E" THEN A(M+ 2)=1 : A(M+1)=1 : GOTO 420 

IF Y$=""F'' THEN A(M+ 2) =1 : A(M+1)=1 : A(M)=1 
M=M+4 

NEXT N 
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REM | 

REM PERFORM CRC ALGORITHM ON ARRAY A(0-47) 

REM 

FOR 1=0 TO 31: C(l)=1: NEXT I 

FOR N=0 TO 47 : 

REM LEFT CRC REGISTER BY 1 

FOR |1=32 TO 1 STEP -1: C(I) =C(Il-1) : NEXT | 

C(0) = 0 

T =C(32) XOR A(N) : REM T=CONTROL BIT 

IF T < > THEN 600 : REM JUMP IF CONTROL BIT =0 

C(1) = C(1) XOR 1 : C(2) =C(2) XOR 1 : C(4) =C(4) XOR 1 

C(5) = C(5) XOR 1 : C(7) =C(7) XOR 1 : C(8) = C(8) XOR 1 
C(10) = C(10) XOR 1 : C(11) =C(11) XOR 1 : C(12) = C(12) XOR 1 
C(16) = C(16) XOR 1 ; C(22) = C(22) XOR 1 : C(23) = C(23) XOR 1 
C(26) = C(26) XOR 1 

C(O) = 1 

NEXT N 

REM | 

REM CRC COMPUTATION COMPLETE, EXTRACT HASH NUMBER FROM C(0) TO C(5) 
REM 

HH = 32*C(0) + 16*C(1) + 8*C(2) + 4*C(3) + 2*C(4) + C(5) 

PRINT "THE HASH NUMBER FOR ":A$;" IS "SHH 

GOTO 160 


MAPPING OF LOGICAL ADDRESS TO FILTER MASK 


Destination LAF 
Address Accepted Loc 


Destination 


Address Accepted 


0000 0000 0085 
0000 0000 O0A5 
0000 0000 O0E5 


0000 0000 0021 
0000 0000 0001 
0000 0000 0041 


0000 0000 00C5 0000 0000 0071 
0000 0000 0045 0000 0000 O00E1 
0000 0000 0065 0000 0000 00C1 
0000 0000 0025 0000 0000 0081 
0000 0000 0005 0000 0000 O0A1 
0000 0000 002B 0000 0000 008F 
0000 0000 000B 0000 0000 OOBF 
0000 0000 004B 0000 0000 OOEF 
0000 0000 006B 0000 0000 O0CF 
0000 0000 O0EB 0000 0000 004F 
0000 0000 00CB 0000 0000 O06F 
0000 0000 008B 0000 0000 002F 
0000 0000 00BB ‘| 0000 0000 OOOF 


0000 0000 00C7 
0000 0000 00E7 
0000 0000 00A7 
0000 0000 0087 
0000 0000 0007 
0000 0000 0027 
0000 0000 0067 
0000 0000 0047 
0000 0000 0069 
0000 0000 0049 
0000 0000 0009 
0000 0000 0029 
0000 0000 00A9 
0000 0000 0089 
0000 0000 00C9 
0000 0000 O0E9 


Appendix C 


External Loopback Test Flow Chart External Loopback Test Procedure 


| , Due to the problem of Silo Pointer Mis-alignment in the 
LANCE's External Loopback, the following gives the 


External Loopback terminology used and procedures recommended for 
Test performing the External Loopback Test. 
Terminology: 
LANCE Hard Errors: 


These can be caused by External Loopback Silo Pointer 
Mis-alignment (false Hard Error), or they can be real 

Hard Errors in the network that the software can correct. 
Examples of real Hard Errors are: LCAR, RTRY, CRC, FRAM, 
BABL, MISS,OFLO, BUFF. 


LANCE Soft Error: 


This is a real error. It is not a result of External Loopback 
Silo Pointer Mis-alignment, and the software must correct. 
The Soft Error is: CERR. 


System Hard Errors: 


These errors signal a hardware failure in the system. 
Examples for this type of error are: MERR, UFLO. 
These are not caused by External Loopback Silo 
Pointer Mis-alignment. 


Testing Procedure: 
When a LANCE Hard Error occurs and the source 


cannot be determined, repeat the External Loopback 
Test until it passes; or until a real Hard Error, a Soft 
Error, or a System Hard Error is found; or until it has 
continuously failed for a predetermined number of 
times (N). The error in the last attempt is then logged. 
lf a Soft error, or System Hard Error occurs, an error 
handling routine will take the proper action and the 
error is logged. 


O76NW2 


N = Max. number of times to repeat the test. 
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SECTION 3 
Applications 


Modifications Needed to Port LANCE Software to the ILACC 
Be-Dil ECNVITODINGIN «coos ish ee Dis SRS eG ak eh SEE ES ee 3-2 


3-1 


Modifications Needed to Port LANCE ida to 
the ILACC 32-Bit Environment 


cr 


This is a list of the modifications necessary to port a pre- 
viously written Am7990 (LANCE) driver to the 
Am79C900 (ILACC) environment. The major task in 
porting the software is restructuring the data objects that 
the 32-bit oriented ILACC will access. These changes 
constitute the minimum modification for driver function- 
ality and do not make use of the extended features of the 
ILACC (extended register set, additional interrupt con- 
ditions, etc.): 


RAP. No modification is necessary if the reserved bit 
field (bit 2 - bit 15) was filled with zeros. 


CSRO. No modification necessary since the 16 status 
bits are mapped identically as they were in the LANCE. 


CSR1. The Initialization Block must start on an even 
word boundary. Thus, IADR should have bits 1 and 0 
equal to zero. 


CSR2. The bits 15 through 8 are no longer reserved. 
The upper 16 bits of the 32 bit IADR should be placed 
here. 


CSR3. No modification necessary if the reserved bit 
field was filled with zeros (these zeros will enable the 
new interrupt signals.) 


CSR4 Interrupt Masks. In order for the ILACC to be 
compatible with LANCE interrupt conditions, LBDM and 
TXSTRTM (Loopback Done Mask and Transmit Start 
Mask) must be set. This is done after ILACC RESET, by 
writing 0x0004 to RAP and 0x0005 (or 0x0045, see 
below) to RDP. 


CSR4 BACON Bits. The ILACC ignores the Byte Control 
bits BCON and BSWP in CSR3. If the designed ILACC 
bus interface is for a 32 Bit 80X86 processor, the BA- 
CON bits must be programmed to 00 after ILACC 
RESET, by writing 0x0004 to RAP and 0x0005 to RDP. 
For a 32 Bit 680X0 processor interface, the BACON bits 
in CSR4.must be programmed to 01 (0x0045 RDP.) 
Note that CSR4 is not cleared by CSR1 STOP, and 
needs to be written only once after RESET. 


Initialization Block. As mentioned earlier, the 28-byte 
ILACC initialization block must begin on an even word 
boundary (address bits 1 and 0 must equal zero). Con- 
trast this to the 24-byte LANCE initialization block struc- 
ture which starts on an even byte boundary. In addition, 
the components of the ILACC initialization block are 
reordered as follows: 


IADR+0x0h: Mode Register (same position as before.) 


IADR+0x2h: RLEN byte (lower 4 bits reserved, upper 4 
indicate RLEN. See below.) 


IADR+0x3h: TLEN byte (lower 4 bits reserved, upper 4 
indicate TLEN. See below.) 
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IADR+0x4h: 48-bit Physical Address (low to high bit 
order.) 


IADR+0xAh: 16 bits reserved. 

IADR+0xCh: 64-bit Logical Address Filter (low to high- 
bit order.) 

IADR+0x14h: 32-bit RDRA (see below.) 
IADR+0x18h: 32-bit TDRA (see below.) 


RLEN and TLEN of the Initialization Block must be modi- 
fied to be 4-bits wide instead of 3. The previous 3-bit 
LANCE values must be shifted one bit to the right into 
the reserved bit fields (the reserved bit fields in the 
RLEN/TLEN bytes for the LANCE are shortened by one 
bit for use with the ILACC.) 


RDRA and TDRA are now 32-bit addresses. Note that 
each descriptor ring now must start at an 8 word bound- 
ary. Thus, RDRA and TDRA must have bits 3 through 0 
equal to zero. 


Mode Register. No modification is necessary if the re- 
served bit field was filled with zeros. This configuration 
selects the internal SIA. 


Descriptors. Descriptors (both RX and TX) must start at 
and be placed at 8 word (16-byte) intervals, instead of 4 
word intervals. Eventhough the ILACC descriptors are 6 
words wide, memory space must be allocated for 8 
words per descriptor. The descriptors are restructured 
as follows (assume RMDO and TMDO are base ad- 
dresses for two descriptors): 


RMD0+0h: 32-bit buffer address. Special address must 
be word bound 
RMD0+4h: Identical to RMD2 in LANCE 


RMD0+6h: Identical to RMD1 in LANCE, except that low 
byte is reserved 


RMD0+8h: Identical to RMD3 in LANCE 


RMD0+0Ah: Word containing two new 8-bit status 
counters, RPC and RCC 

TMD0+0h: 32-bit buffer address. Specified address 
must be word bound 


TMD0+4h: Identical to TMD2 in LANCE 


-TMD0O+6h: Identical to TMD1 in LANCE, except that low 


byte is reserved | 
ee Word containing a new 4-bit status counter, 
TMDO+0An: Identical to TMD3 in LANCE 

The new Transmit Collision Count (TCC), Runt Packet 
Count (RPC), and Receive Collision Count (RCC) indi- 
cators can be ignored for a minimum software modifica- 
tion. 
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Am7996 IEEE-802.3 (ETHERNET/CHEAPERNET) | 


Transceiver 


INTRODUCTION 


The Am7996 IEEE-802.3 (Ethernet/Cheapernet) 
Transceiver integrates all the transceiver func- 
tions required for 10 Mbps CSMA/CD (Carrier 
Sense Multiple Access with Collision Detection) 
LANs. These functions include transmit receiver, 
collision detect, iptional signal Quality Error 
(SQE) test, Jabber timer (including the hooks for 
an external redundant jabber) and noise rejec- 


al 


tion filters (See Figure 1.) It highly integrates the 
Ethernet/Cheapernet systems when used with 
the AM7990 LANCE (data link controller) and 
Am7992B Serial Interface Adapter (SIA) 
(Manchester encoder/decoder). 


The Am7996 is a CSMA/CD transceiver whose 
main structure consists of three functional 
blocks; transmit including jabber control, re- 
ceiver, and collision detection. Each section op- 
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Figure 1. Am7996 Block Diagram 
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erates independently. In the transmit section, 
data is received differently from the Data Termi- 
nal Equipment (DTE) and transmitted out, sin- 
gle ended, to the medium (coax cable). The 
Jabber function guards the medium from node 
transmissions that are excessive in length. The 
receive section listens to data differentially to 
the DTE. The collision detection section moni- 
tors the medium for simultaneous transmis- 
sions, and when that occurs it reports it to the 
DTE via a 10 MHz differential signal. 


This application note first describes briefly the Eth- 
ernet/Cheapernet standards. The use of Am7996 
with extended cable lengths is then explained. 
The three functional blocks (transmit, receive, and 
collision detection) mentioned above are then 
discussed in detail. This is followed by practical 
guidelines regarding the external components 
required. Measurement techniques are also 
discussed. Finally, application examples are given. 


ETHERNET 


AU ATTACHMENT UNIT INTERFACE 
DTE— DATA TERMINAL EQUIPMENT 
MAU— MEDIA ACCESS UNIT 


CHEAPERNET ra 


LOCAL BUS 


Pete eet we wee ee wow en ore wees wee ew ew nem were ey 


IEEE-802.3 Standard (Ethernet/Cheapernet) 


The IEEE-802.3 is the existing standard for the 
bottom two layers of the 7 layer Open System 
Interconnection (OSI) which was formulated and 
adopted by’ the International Standards 
Organizations (ISO). The main structure of the 
specification comes from Ethernet which was 
jointly developed by XEROX, Digital Equipment 
Corporation and Intel. 


Another standard, known in the industry as 
“Cheapernet”, was developed by the same 
committee at a faster pace than the 802.3 Ethernet 
standard. Cheapernet is an extension to the 
existing and proven standard, IEEE-802.3 Ether- 
net. It is a CSMA/CD network at 10 Mbps. Its 
network architecture is the same as Ethernet 
except it incorporates cheaper cable, connectors, 
and maintenance. Its installation consists of simply 
connecting an RG-58 cable to a BNC connector. 


; 
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Figure 2. Ethernet and Cheapernet Configurations 
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Figure 2 shows a block diagram of an Ethernet and 
a Cheapernet configuration. 


IEEE-802.3 refers to the original standard, 
Ethernet, as 1OBASE5 or Type A applications, and 
refers to the second one, Cheapernet, as 
10BASE2 or Type B applications. In the IEEE- 
802.3 terminology, 10BASE refers to 10 MHz 
baseband and the suffix 5 or 2 refers to 500 or 200 
meter cable segment, respectively. Note that the 
actual length of the cable segment is 185 meters in 
the Cheapernet specification. 


In an Ethernet installation, up to 100 Media Access 
Units (MAU) may be connected to one cable 
segment of 500 meters. In a Cheapernet instal- 
lation, up to 30 MAUs may be connected to one 
cable segment of 185 meters. In either Ethernet 
or Cheapernet, repeaters may be used to connect 
up to five segments together into one network. 
Refer to Figure 3. 


cations, Ethernet and Cheapernet. It offers the 
flexibility and the engineering hooks for some 
of the tight parameters, and for network protection 
which is required in Ethernet applications. This 
gives the user the flexibilty of applying the same 
chip for both applications. Most OEM boards are 
now designed to include both options, an onboard 
transceiver for cheapernet application, and an 
optional 15 pin D connector for the AUI cable to ac- 
cess the Ethernet transceiver box. 


The salient features of Ethernet and Cheapernet 
are shown in Table 1. 


Am7996 Application in Extended Cable Lengths 


The Am7996 has been designed for Transmit 
Mode collision detection. (Collision detection 
methods are discussed later in this manual.) As a 
result, the Am7996 can be used in longer cable 
segments than specified in the IEEE-802.3. Table 
2 below shows the extended cable length feature 


The Am7996 has been targeted for both appli- of the Am7996. 
<@— STATION 
i iia a | 
ae | | 
Ld es | bol \ | 
f | | 
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I | 1 a | cm | 
J ! 
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Figure 3. Ethernet/Cheapernet Network Configuration 
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The extended cable segment feature can elim- 
inate the need for repeaters. This reduces the cost 
and adds flexibility in installing more nodes. Note 
that the extended cable segment support does 
not violate the IEEE-802.3 standard. It is the Trans- 
mit Mode collision detection scheme, in Am7996, 
which allows this extended feature. 


TRANSMIT FUNCTION 


The Am7996 receives differential signals from the 
DTE (in the case of Am7990 family applications, 
from the Am7992B-—Serial Interface Adapter—SIA). 
For IEEE-802.3 Type A (Ethernet) applications, 
this signal is received through the AUI cable and 


isolation transformer. In IEEE-802.3 Type B 
(Cheapernet) applications, the AUI cable (but 
not the isolation transformer) is optional. 


Data is received through an internal noise rejec- 
tion filter that rejects signals with pulse widths 
less than 7 ns (negative going), or greater than 
160 ns (positive going) with levels less than 
-175 mV peak. Only signals greater than 
—275 mV peak from the DTE are accepted. This 
minimizes false starts due to noise and ensures 
no valid packets are missed. 


The Am7996’s Tap driver provides the driving 
Capability to ensure. adequate signal level at the 
end of the maximum length network segment (500 


Table 1. IEEE-802.3 10BASES5 (Ethernet) and 10BASE2 (Cheapernet) Comparison 


Parameter IEEE-802.3 10BASE5 IEEE-802.3 10BASE2 
(Ethernet) (Cheapernet) 

Data Rate 10 Mbps 10 Mbps 

Segment Length 500 meter 185 meter 

Network Length 2500 meter 925 meter 

Nodes Per Segment 100 30 

Node Spacing (Min) 2.5 meter 0.5 meter 

Cable/Connector 0.4 in diameter, 50 Ohm 0.2 diameter, 50 Ohm 
Double shielded (RG-58 A/U type) 
shielded N-series connectors Single BNC connectors 
Rugged Flexible (thin) 

Transceiver Cable 0.38 in. diameter multiway 

(AUI interface) cable with 15 pin D connectors Optional 
(Length up to 50 meter) 

Capacitance/Node 4 pF 8 pF 

Installation Installer required (costly) Mainly by user (low cost) 


Table 2. Extended Cable Lengths with Am7996 


CABLE LENGTH 


Applications 

| IEEE-802.3 *Am7996 
10BASES5, Ethernet 500 meter 1000 meter 
(Ethernet Thick cable) | 
10BASE2, Cheapernet 185 meter 300 meter 


(RG58 Thin cable) 


* Transmit mode collision implementation 


SS pe ; 
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meters Ethernet, or 185 meters Cheapernet) un- 
der the worst case number of connections (100 
nodes Ethernet, or 30 nodes Cheapernet). Re- 
quired rise and fall times of data transmitted on the 
network are maintained by the Am7996 Tap driver. 
The Tap driver’s output is connected to the media 
through external isolating diodes. To safeguard 
network integrity, the driver is disabled whenever 
the operating voltage falls below the minimum. 


Signal Quality Error (SQE) Test (Heartbeat) 


A diagnostic feature has been specified for the | 


MAU in the IEEE-802.3. The Signal Quality Er- 
ror (SQE) Test is a self test feature in the MAU 
which is invoked after the end of each transmis- 
sion by the DTE. The SQE test starts eight bit 
times after the last transition of the transmitted 
signal and lasts for a duration of eight bit times. 

The Am7996 sends a 10 MHz differential sig nal 
through Cl+ to the DTE when SQE TEST pin (pin 


7) is tied to Veg. This test is an indication to the 
DTE that the MAU has recognized the end of 
the transmission and the collision pair, Cl, is 
intact and operational. 

Pin-strappable SQE Test Option: The SQE test is 
selectable via the SQE TEST pin (pin 7). It can be 
tied to Vee for SQE test or to ground (Vcc; or 
Voce) for a non-SQE test MAU. The optional 
feature allows the use of the Am7996 in both 
repeater and non-repeater applications. 


Jabber Function 

Another means of protecting the network (me- 
dium) is to ensure that no node, under any cir- 
cumstances, hangs the network. In an 
IEEE-802.3 network, the maximum packet size 


is limited to 1518 octets which is equivalent to. 


about 1.2 ms (including the 64 bit preamble). 
The Jabber timer monitors the activity on the 
DO pair and senses TXT (pin 12) faults for ex- 
cessive continuous transmission. The Jabber 
goes active and inhibits transmission if the Tap 
driver is active for longer than the Jab time. The 
Jab time specified by IEEE-802.3 is from 20 to 
150 ms. In the Am7996, it is from 20 to 35 ms. 
When the Jabber goes active, it isolates the out- 
put drivers at the Tap from the coax and enables 
an SQE message (10 MHz differential collision 
signal) on the Cl pair for the fault duration. 


IEEE 802.3 states that in a self-powered MAU, - 


the Jabber timer and collision presence on the 
Cl pair are cleared after the fault condition goes 
seed for a period of 500 ms + 50% (250 to 750 

ms). The Jabber reset time in the Am7996 is be- 
tween 340 and 500 ms. 


Redundant Jabber: The hooks for apiopal 
redundant protection specified by the IEEE-802.3 


3-8 


have been implemented in the Am7996. A re- 
dundant Jabber sits outside the Am7996 and 
typically duplicates the Jabber internal to the 
Am7996. When the external Jabber is imple- 
mented, the VTX-pin is directly controlled by the 
external Jabber circuitry. To externally disable TXT 
(and enable an SQE message on Cl pair), the volt- 
age at VTX-pin should be brought to a value more 
positive than Veg + 2V. 


Jabber Recovery Time: One of the parameters in 
the Jabber function is the Jabber recovery time 
which is significant in terms of the correct operation 
of the Jabber timer. The Jabber timer always starts 
counting from the start of each transmission and is 
reset at the end of the transmission. The time 
required for the timer to reset is cailed the Jabber 


recovery time. This parameter is 1 1s (max) in the 


~Am 7996. It is important that this time be as short as 


possible. 


Consider an IEEE-802.3 network in maximum 
configuration. There are four repeaters in such a 
configuration. Because of the nature of such 
regenerative repeaters, the InterPacket Gap time 
(IPG) can shrink from 9.6 psec (9.6 psec is the IPG | 
spec in IEEE-802.3 for the gap between two 


consecutive transmissions) to about 5.0 usec ina 
normal packet transfer. The IPG can even shrink to 
less than 5.0 psec under excessive collisions. 
Therefore, if the Jabber recovery is not short 
enough, the Jabber timer will not be cleared and 
will continue to count after the start of the next 
packet. Under the worst case condition, when back- 
to-back packets are in progress with short IPG, the 
Jabber goes falsely active. The Jabber recovery 
time is 1 psec (max) in the Am7996 insuring proper 
operation under the worst case conditions. 


Inhibit Internal Jabber: It may be desired in some 
non IEEE-802.3 applications to disable the Jabber 
function. Consider a point-to-point application 
where a continuous transmission of more than 20 
ms is desired. For such applications, the internal 
Jabber can be disabled by removing the external 
collision oscillator circuitry (R4, C1) and connecting 


COLL OSC (pin 19) to Vec2 (pin 20). Note that this 


will also inhibit the SQE test and any Cl pair 


message for collision presence. 


RECEIVE AND CARRIER DETECT 


The signal is acquired from the Tap through a high 


impedance (100 kOhm) resistive divider. A high in- 
put-impedance (low capacitance, high bandwidth, 
low noise) DC-coupled input amplifier in the 
Am7996 receives the signal. The received signal 
passes through a high-pass filter to minimize inter- 
symbol distortion, and then through a data slicer. | 
The Am7996 carrier detect compares received sig- 


nals to a reference. Signals meeting carrier squelch 
criteria enable data to the differential line driver 
within five bit times from the start of the packet. 


Received data is transmitted from the DI pair 
through an isolation transformer to the Ethernet 
AUI cable (IEEE-802.3-Type A). In IEEE-802.3 
Type B (Cheapernet), the AUI cable is optional. 
Following the last transition of the packet, the DI 
pair is held high for two bit times and then 
decreases to idle level within twenty bit times. 


COLLISION 


Collision occurs when two or more transceivers 
attempt simultaneous transmissions on the me- 
dium. In a CSMA/CD network, a mechanism is 
needed to resolve the contention. All the intelli- 
gence for collision back-offs, and the retry -proc- 
ess resides in the controller (Am7990). The 
Am7996 detects a collision when the DC aver- 
age of the signals on the coax crosses the collli- 
sion detect threshold. The collision threshold 
window has been based on the worst case con- 
ditions in the IEEE-802.3 cable segment (500 
meter Ethernet cable, or 185 meters of RG-58 
cable) when two nodes transmit at the same 
time. 


Collision Reporting 


When the Am7996 detects a collision, it generates 
a 10 MHz differential signal at Cl+ which continues 
as long as there is a collision in progress. The 10 
MHz differential signal is normally detected by the 
Manchester Encoder/Decoder at the DTE (SIA, 
Am7992B) which translates to a TTL signal for the 
LAN controller (LANCE, Am7990). 


Collision Detection Methods 


There are two types of collision detection specified 
by the IEEE-802.3 standard: Transmit Mode and 
Receive Mode collision detection. The Am7996 
has been designed to support Transmit Mode col- 
lision detection. The collision threshold window for 
_ Transmit Mode collision allows longer cable seg- 
ment applications than what IEEE-802.3 has speci- 
fied. For the Am7996 in repeater applications, 
Receive Mode collision detection can also be ac- 
complished by adding two resistors, Rg and Rj, 
external to the chip. Receive Mode collision detec- 
tion is optional when the Media Access Unit (MAU) 
is used in non-repeater applications. | 


Transmit Mode Collision Detection: While 
transmitting, the MAU must detect a collision if 
one or more other nodes are also transmitting, 
and may detect collision, while not transmitting, 
if two other nodes are transmitting. This is called 
Transmit Mode collision detection. As a result of 
this type of collision detection, longer cable seg- 


ments than what IEEE-802.3 has specified can 
be used. This type of collision detection is nor- 
mally used in non-repeater applications. 


Receive Mode Collision Detection: Regardless of 
whether a MAU is transmitting or not transmitting, 
the MAU must detect collision if two or more modes 
(perhaps including itself) are transmitting. This 
scheme requires a tighter threshold than Transmit 
Mode collsion detection. The Receive Mode collli- 
sion detection limits the cable length to what the 
lIEEE-802.3 has specified whereas transmit mode 
collision detection, due to its wider threshold 
window, allows for the extended cable segment. 


Receive Mode collision detection is not necessary 
in non-repeater applications, but, it is a must in 
repeater applications since the carrier has to be 
sensed by both sides of the repeater. Figure 4 
shows the external component configuration for 
Cheapernet Receive Mode collision detection. 


The Am7996 meets the IEEE-802.3 collision 
detect requirements (see Table 3). 


Collision Detection in Non-Repeater Applica- 
tlons: Receive Mode collision detection is normally 
not necessary when designing a MAU in a non- 
repeater application. This is because the received 
packet, the packet participating in collision, usually 
ends up as a runt packet (a packet less than 64 
bytes long) which is normally discarded by Data Link 
layer controllers. In other cases such as late colli- 
sion (collision occurring after 64 bytes), CRC error 
can be an indication that there might have been a 
collision in progress while receiving the packet. 


Collision Detection in Repeater Applica- 
tions: Receive Mode collision detect is strictly 
required in Repeater design applications. A re- 
peater must report all the activities of either side 
of the network to the other side. In the case of a 
collision at one side of the network, the repeater 
must create the collision environment on the 
other side. The repeater must detect a collision 
caused by two nodes that occur from the far end 
of asegment. Since cable attenuation results in 
a lower level seen by the repeater, the Receive 
Mode Collision Detection specs must be tighter. 
If a collision occurs on one segment, the re- 
peater sends a collision jam signal to the other 
segment to report such activity. 


The Am7996 meets the Receive Mode collision 
detect as well, when Ro, Rio, and Cg are inte- 
grated into the Am7996 external component 
diagram (see Figure 4). 


EXTERNAL COMPONENT DESIGN GUIDELINES 
The design and Jayout choices of the compo- 
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Figure 4. Am7996 External Component Diagram for Receive Mode Collision Detection 


nents external to the chip in the Am7996 adds 
flexibility, network protection, and hooks for 
achieving the tight parameters specified in the 
IEEE-802.3 and Ethernet specifications. The 
following describes the design considerations 
to be aware of in choosing those external com- 
ponents around the Am7996. Figure 5, the ex- 
ternal components diagram, should be used in 
reference to the discussion below. 


Layout Considerations 


The Am7996 should be mounted as close as 
possible to the Tap for minimum capacitive 
loading. To minimize the capacitance at RXT 
(pin 16) between its adjacent pins (pins 15 and 
17) and the capacitance introduced by TXT 
(pin12) to the Tap through external compo- 
nents, package, and PC trace, carefully layout 
the PC board as follows: 


1. It is recommended that metal feed-throughs are 
not used at pins 15 and 17. These pins are No 
Connect pins. | 


2. Generally, all the PC traces between the chip 
and external components should be as short as 
possible. Additional effort should be made to 
place Rs, Re, RXT (pin 16) and Dy, Dp R7z, TXT 
(pin 12), and Am7996 close to the Tap. 


3. To achieve the minimum capacitive loading 
at the Tap connection, there should be no 
power, ground, or signal planes in the area of 
Tap interconnections to 7996 pins (pins 
11-18). (See also ground requirements dis- 
cussed later. 


4. The 7996 should be directly soldered to the 
PC board without a socket to reduce capacitive 
loading at the Tap connection. 


5. Grounding: 


Voc1and Voco (pin 1 and 20 respectively) must 
be connected together to the positive return 
(positive polarity of power to 7996). 


The Tap shield pin (pin 14) should be 
connected directly, via a single trace, to the 
shield of the coax connector. There should not 
be any ground plane connection to the Tap 
shield which will add to Tap capacitive loading. 


The DTE ground plane should not be 
extended beyond the pulse transformer (the 
one at the Am7996 side). 


In IEEE-802.3 applications, using the AUI (At- 
tachment Unit Interface) cable, the DTE logic 
ground can be extracted from any of pins 1, 4, 6, 
8, 11, or 14 of the 15 pin D connector. In Ether- 
net Version 2 applications, Pins 4, 8, 11, and 14 
are No Connect (NC) pins. The DTE logic 
ground can be extracted from Pin 6 only. See 
appendices A and C for pinout details and PC 
board layout considerations. 


Tap Capacitance Loading Considerations 


The goal is to minimize the capacitive loading at the 
Tap from both the receive path (RXT, pini6) and 
the transmit path (TXT, pin 12) to achieve the input 
impedance requirements _ of IEEE-802.3 
specification. 


A properly compensated external 4:1 attenuator 
(75K and 25K in series) reduces any parasitic 
Capacitive loading in the receive path by a factor of 
4 and ensures that the resistance presented to the 
coaxial cable will be at least 100K Ohms. 


When the chip is not transmitting, the transmit path 


Table 3. IEEE-802.3 Transmit Mode and Receive Mode Collision Detection. 


TRANSMIT MODE 


*RECEIVE MODE 


MAU Number of transmitters Number of transmitters 
<2 =2 >2 <2 =2 >2 

Transmitting NO YES YES NO YES YES 

Not transmitting NO MAY YES NO YES YES 


NO: Will not generate SQE message 
YES: Will generate SQE message 
MAY: May generate SQE message 


* Receive Mode collision detection is optional per IEEE-802.3 in non-repeater applications 
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5. The capacitance of C,, Am7996 package, D, and the printed circuit board should add up to 


180 pF +20% 
6. The capacitance of C,, Am7996 package and the printed circuit board should should add 


up to 39 pF. 


Figure 5. Am7996 External Component Diagram for Transmit Mode Collision Detection. 08031A 5 


is isolated from the Tap through a low capacitance 
switching diode. When transmitting, the additional 
diode in series reduces the capacitance loading at 
the Tap. IEEE-802.3 10BASE5 (Ethernet) has 
specified a limit of 2 pF for capacitive loading due 
to the MAU (Medium Attachment Unit) circuitry 
(total of 4 pF including the Tap connection). This 
tight limit is quite difficult to meet without additional 
circuitry such as the 4:1 attenuator, external to the 
Am7996. 


In the IEEE-802.3 10BASE2, (Cheapernet) appli- 
cations, the capacitive loading specification, due to 
the MAU circuitry, has been relaxed to 6 pF. There- 
fore, it is not as difficult to meet the capacitive 
loading requirement in Cheapernet applications. 
The external 4:1 attenuator also isolates the re- 
ceive input of the integrated circuit from the Tap for 
safety and protection. 


Attachment Unit Interface (AUI) Cable Terminator 
(Ry ’ Ro) 


The DOs+ line receiver inputs should be terminated 
with Ri and Ro, as shown in the external component 
diagram, equivalent to AUI cable impedance of 78.0 
Ohms nominal. The effective parallel combination of 
the 80.4 Ohms (R; + Re) and the DO+ input imped- 
ance meets the IEEE-802.3 requirement of 78.045 
Ohms. 


Although AUI cable is not normally used in Cheaper- 
net applications, R;, R2, and the terminating resis- 
tors at the SIA (Am7992B) side must remain in. The 
terminating resistors are part of the load seen by the 
output drivers of the Am7996, Diz, and Transmit+ of 
the Am7992B. Therefore, the removal of the termi- 
nating resistors will affect the differential level sig- 
nals at Di+ and Transmitz. Refer to the Cheapernet 
application example in the application section ap- 
pearing later in this manual. 


Timing Reference Resistor (R3) 


When the resistor, R3, is connected between 
VCrer (VCprr is a compensated voltage refer- 
ence input with respect to Veg) and Ver, the 
internal transmit and receive squelch timing and 
SQE oscillator frequency are set. SQE frequency 
is also determined by components connected 
between Voco (pin 20) and COLL OSC (pin 19). 


SQE Oscillator Control (R4, Cy) 


In the Am7996, the collision oscillator frequency 
contro! is external to the chip. For a 10 MHz 
nominal SQE oscillator frequency, R4 should be 
1.1K 1%, and C1, 39pF +5%, (including any 
parasitic capacitance). This will generate an 


SQE message with frequency of 10 MHz + 15% 
for the following three cases: 


1. SQE test 
2. Collision for multinode transmission 
3. Active Jabber 


When VCrer (pin 6) is properly set (it is set by 


placing Rs = 174Q between VCrerF and Vee pin 
10), the SQE oscillator period is set at 
2.331R4C3. 


4:1 Attenuator (R5 and R6, CL and CC) 


The chip acquires the signal from the Tap 
through a high impedance (100K Ohms) 4 to 1 
attenuator. For proper reception of 10.0 MHz 
Manchester bit streams, the input attenuator at 
the RXT pin should be compensated to main- 
tain the 4:1 ratio. Compensation is acieved by 
making 75 x Cc =25x Ci (Cc=1/3CL). CLis the 
total effective capacitance between RXT 
(pin16) and Vcoi due to the package, external 
components, and PC trace. Cc is the compen- 


sation capacitance across the 75 kOhm resis- 
tor. 


Cc is typically less than 2.0 pF when short PC 
traces are used around RXT’s (pin 16) external 
components. A possible way of achieving the com- 
pensation is by placing a PC trace at one end of Rs 
to obtain the equivalent Cc. A properly compen- 
sated attenuator will reduce the effective cap- 
acitive loading seen at the Tap to 1/4 of that seen 
at RXT (pin 16). 


The ratio of the attenuator does not affect the 
collision detection threshold (VcorT specification in 
data sheet); it only affects the carrier threshold 
(Vcat specification in data sheet) at the coax. 


Figure 6 shows the attenuator section of the 
Am7996. At low frequencies (e.g., DC) with Rg = 
24.9K and Re = 75K, a 4:1 attenuator is achieved 
(1/4 Vcoax is added to Vax). With high input 
impedance at RXT, the series combination of Rs 
and Rg ensures that the resistance to the coaxial 
cable is at least 100 kOhms as specified by the 
IEEE 802.3. 


At high frequencies (5 or 10 MHz), the parasitic 
capacitance across Rs and Re determines the 
attenuator ratio. Therefore, Rs must have a ca- 
pacitance (Cc) to compensate for the effective 
capacitance (CL) across Re. For a 4:1 at- 
tenuator, Cc = 1/3 Ci (see appendix C for detail 
PC board layout considerations). 
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Vaxt-Vco. * 


(Vaxt—Voov(1+C/Ce) = 
Let:y = 
Then: 
Equation 1: Vcoax = 


(Vooax - Voor) (1/CL) 
(1c) + (10) 
Vooax- Vooi 


Ci/Co 


Vaxt (1 +¥)—¥(VooL) 


For a 4:1 attenuator, y = 3 


Note: All voltages are referenced to the Tap shield. 


Example: (4:1 attenuator, y = 3) 


Fe or: VcoaX = 
VcoL  * 
Using Equation 1: 
0 «= 
VRXT = 
For: Vcoax * 
Using Equation 1: 
-600 = 


VaxT = 


0 
-—1600 mVDC (nominal) 


4Vaxt - 3VcoL 
—1200 mVDC 


VcaT = -600mVDC 


4V xy -3(-1600) 
~1350 mVDC 


Co = (1h) G, 
FOR A 4:1 ATTENUATOR, y =3 


08031A 6 Figure 6. Am7996 External Attenuator 


Attenuator Tolerance 


Any deviation from the ideal compensation 
value for capacitor (Cc) will change the ratio of 
the attenuator. The attenuator ratio can deviate 
from the 4:1 ratio as long as the minimum signal 
level at the coax allowed by the standard can be 
recognized (see Table 4). Using Ohm’s law for 
Figure 6, the voltage at coax (Vcoax) is ob- 
tained from equation 1. 
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The minimum average DC signal at coax can 
be obtained when two nodes are attached to a 
maximum length cable segment (500 meters of 
Ethernet cable or 185 meters of Cheapernet, 
RGS58A/U or RG58C/U). While on node is trans- 
mitting from one end of the cable with minimum 
transmit current, the other node is measuring 
the attenuated signal received at the other end 
of the cable, 


The external attenuator scheme serves the follow- 
ing two purposes: 


1. Reduces the capacitive loading, seen at the 
coax, by the attenuator ratio (by 1/4 in a 4:1 
attenuator). This helps to achieve the tight Tap 
capacitive loading specification of 2 pF, due to 
MAU circuitry, per IEEE 802.3, 10BASE5 
(Ethernet). 


2. Isolates the receive section of the chip (RXT 
pin) from the medium. It protects the chip 
which is part of the circuitry of the MAU. 


Isolation Diodes Dj, Do 


Another part of the Tap capacitive loading is intro- 
duced by the transmit path. The diode D,, exter- 
nal to the Am7996, is used to isolate the transmit 
path from the receive path when the chip is not 
transmitting. The second diode, Do, protects the 
first diode, and it further reduces the capacitive 
loading introduced by the first diode, Dy. D, and 
D2 are forward biased only when the chip is 


transmitting. The insertion of the second diode 
serves two purposes: 


1. The capacitance seen at the Tap is reduced to 
the effective capacitance of the two diodes in 
series. 


2. It provides redundancy in isolating the Tap from 
TXT pin should. one diode get shorted. In 
Cheapemet applications, the 2nd diode, Do, 
may be removed. Cheapernet does not re- 
quire the redundancy for protection, and the 
limit for the Tap capacitance loading is not as 
tight as Ethernet (6 pF versus 2 pF). 


The capacitance introduced by the diode 
should be as low as possible. Low capacitance 
switching diodes with adequate current han- 
dling capability (80.0 mA nominal) such as the 
1N4150 should be used for D; and Do 
Am7996 did not integrate the diodes into the 
chip because of power consideration. 


Transmit Signal Wave Shaping (C3 ) 


C3 provides wave-shaping for the transmitted 
signal at TXT (pin12). This 180 pF capacitance 
between the TXT and TAP SHIELD (pin 12 and 
14 includes any parasitic capacitance at the 
node. A physical capacitor of 150 pF is a nomi- 
nal value in a typical PC board which takes all 
the parasitic capacitance into consideration. 


The low pass filter at the output stage of the 
Am7996 is one of the three poles which have 
been implemented to meet the harmonic con- 
tent specification of IEEE-802.3 (two poles are 
internal to the Am7996). The RC components of © 
the low pass filter are outside the Am7996. Cs, 
the combined resistance of D; and Da, the 25 
Ohm load presented by the coax line, and R7 
form the third pole of the TXT output filter. 


The time constant for the low pass filter is: T=RxC 
where: 


R_ isthe total resistance seen between the 
Tap and the shield. 


R  =Current limiting resistor, (R7 = 9.09) + 
Forward biased resistance of the diodes 
(about 2 Ohms) + 25 Ohms load 


C =Cg3= 180 pF (including any parasitic 
Capacitance) 


T =8ns; Fundamental frequency of the 
fitter is 20 MHz. 


Cz will have some effect on the rise and fall time of 
the transmit signals at the coax. The rise and fall 
time values can be improved (reduced) by redu- 
cing C3. There is a limit to how much the capacitor 
value can be reduced without violating the harmon- 
ic content specification. A 150 pF capacitor used 
for Cg in the Am7996 evaluation board meets the 
rise/fall time, and harmonic content specification. 


Some attenuation of 10 MHz signals, relative to the 
5 MHz signals, is due to the low pass filter 
implementation. The attenuation does not cause a 
problem and transmit level signals meet the IEEE- 
802.3 specifications. 


ne 


Table 4. IEEE 802.3 Receive Mode Collision Detect Threshold 


Application No Detect Must Detect 
(Average DC) (Average DC) 
1OBASE5 —1.492 V —1.629 V 
(Ethernet) 
1OBASE2 —1.404 V —1.581 V 
(Cheapernet) 
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The harmonic content specified by IEEE-802.3 is 
as follows: 


2ndand3rdharmonics: at least 20 db below 
| | | fundamental 
4th and 5th harmonics: at least 30 db below ~ 
fundamental 
6th and 7thharmonics: at least 40 db below 


fundamental 


at least 50 db below 
fundamental 


All higher harmonics: 


Network Protection (D3 and R7) 


Am7996 offers a solution for network protection 
(see also the jabber function for protection). It is 
protected against high voltage surges when the 
clamp diode (D3 ) and the resistor (R7) are placed 
external to the chip. The diode protects the chip 
and the resistor limits the current to protect the 
diode. 


If the Tap is at a positive voltage due to a fault condi- 
tion, D3 protects the TXT (pin 12) from sinking high 
currents from the Tap by shunting high current into 
ground. Under this condition, R7 (9.09 Ohms, 1/4W) 
helps limit the current through D3. D3 should have a 
rating of at least 50.0 Volts. A diode such as the 
1N4001 can be used for D3. The capacitive effect of 
diode D3 should be taken into consideration as part 
of the total capacitance (180 pF) between TXT (pin 
12) and TAP SHIELD (pin 14). 


Set Transmit Current (Rg = 9.09 Ohm) 


This resistor is used to set the transmit output 
current at TXT (pin 12) nominally at 80.0 mA peak. 
lf a redundant jabber controller is used externally, 
the supply to the current source comes from the 
jabber controller. This resistor should be placed as 
close to the chip as possible, to minimize any 
parasitic inductance. | 


Coax Collision Reference Threshold 
(Co=0.1 LF) 


Voo  's a DC reference for incoming signals from 


the Tap at RXT (pin 16). It is required that Vcol be a 
good analog signal ground in the presence of 10 
Mbps Manchester data streams. In order to 
achieve that, Co is used to by-pass all the RF sig- 
nals to Tap ground. 


Additional Pins , 

Pins 17 and 15 onthe Am7996 hae been pur- 
posely allocated as No Connect pins on either 
side of the RXT Pin to give a minimum adja- 
cent pin capacitance. The low RXT input ca- 
pacitance, combined with any parasitic ca- 
pacitance due to the resistor and PC trace, is 
reduced to 1/4 when measured at the Tap. 
This feature makes it feasible to meet the low 
input Tap capacitance required by the Ether- 
net specification. The input Tap capacitance 
in the Am7996 at RXT (pin 16) is 1.1 pF (typi- 
cal) for plastic packages, and 1.7 pF (typical) 
for ceramic packages. Note that the input ca- 
pacitance at RXT seen at the coax Tap is re- 
duced to 1/4 th through the 4:1 attenuater, ex- 
ternal to the chip. 


Power (Vee) Requirements 


The Am7996 requires a single power supply 


at -9 + 10% V. The IEEE-802.3 requires that 
the power to the MAU must be isolated from 
DTE. This indicates either the use of a dedi- 
cated power supply or isolating the power 
from DTE through a discrete or commercially 
available DC—DC converter. In summary, the 
power requirements are as follows: 


¢ Power to the chip must be isolated from 
DTE to meet the high voltage isolation 
required by IEEE-802.3, 10Base5 (2000 
VRMS) and 10Base2 (500 VRMS). 

¢ Veg =-9.0V+10% 

¢ Not more than 100 mV (P—P) ripple. _ 

¢ Ripple frequency less than 100 KHz. . 


DC-—DC Converter Recommendations: Re- 
fer to Table 5 for the DC—DC converters (or 
equivalents) that can be used with the 
Am7996.) 


Isolation Transformers 


The AUI transmit, receive, and collision signal pairs 


Table 5. DC-DC Converters for Am7996 


APPLICATION 
Manufacturer IEEE-802.3, 1OBASE2 IEEE-802.3, 1OBASE5 
(Cheapernet) (Ethernet) 
Reliability Inc. 2VP5U9 2E12R9 
Pulse Engineering Inc. PE64381 PE64430 
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(DO+, Dit, and Ck) must be isolated through 
transformer coupling from the AUI cable. The isola- 
tion at the MAU side is required for two reasons: 


1. To eliminate the common mode difference be- 
tween the signals from the Am7996 and the DTE. 


2. To protect the MAU from the fault conditions at 
the AUI cable. 


In the Am7996, the inductance of the transformers 
for the AUI differential pairs Dlt, DO+, and Cl+ 
should not be less than 75 pH. 


The pin assignments for the transceiver cable are 
given in Appendix A. 


Pulse Transformer Recommendations: 


PE64102 (75 WH with 500 VRMS, IEEE-802.3, 
10BASE2). 

PE64107 (75 WH with 2000 VRMS, IEEE-802.3, 
10BASES5) or equivalent. 


MEASUREMENT TECHNIQUES 


The following are guidelines for measuring some 
of the key parameters. For the actual test measure- 
ments and conditions, refer to the Am7996 data 
sheet and pertinent test documentation. 


4:1 Attenuator Compensation 


There are two ways to compensate for the 
parasitic capacitance across the 24.9 kOhm 
resistor: 


1. By directly measuring the capacitance across 
the 24.9K resistor (with all the components 


mounted) and inserting a capacitor whose 
value is 1/3 of that capacitance across the 75K 
resistor. The compensation capacitance may al- 
so be achieved through the parallel PC traces. 
The 2nd technique eliminates the need for an 
additional capacitor across the 75K resistor. 


. Using a high input impedance (low capaci- 


tance) scope probe. This technique is ac- 
complished through the observation of the 
signal at the coax Tap and at RXT pin (pin 
16) as follows: Apply a square wave signal 
(0 to —2 Volts) to the coax Tap and observe 
the signal at the RXT pin. The signal at the 
RXT pin should be 1/4 of the signal at the 
coax. The signal at RXT should be some- 
what underdamped to compensate for the 
scope probe 1-2 pF capacitance loading 
(see Figure 7). 


lf a high input impedance (low capacitance) 
scope probe is not available, compensate 
for the capacitance of the available probe 
(the probe used for the RXT pin, pin 16) by 
adding a capacitor across the 75 kOhm re- 
sistor. For example, if the scope probe ca- 
pacitance is 12 pF, place a 4 pF capacitance 
across the 75 kOhm resistor. The compen- 
sation for the scope probe capacitance en- 
sures that any capacitance added across 
the 75 kOhm resistor for compensation is in- 
dependent of scope probe loading. 


Once the scope observation shows the cor- 
rect 4:1 ratio for the attenuator (see Figure 
7), the added capacitance across the 7/5 
kOhm (excluding the 4 pF added capaci- 
tance in the above example) is the compen- 
sation capacitance that can be added by a 
physical capacitor or through PC layout. 
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Figure 7. Attenuator Compensation Technique 
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NOTE. 


Once the correct compensation capa- 
citance has been determined for the pro- 
totype PC board, no more tuning should 
be required on the PC board when in 
production. The RXT input capacitance 
stays at what has been typically specified 
(1.7 pF ceramic, 1.1 pF plastic). 


Coax Rise and Fall Time Measurements 


The rise and fall times are specified at 25+5 ns 
in the IEEE-802.3 standard, as well as in the 
Am7996 data sheet. The 10 Mbps Manchester 


encoded signals carry 10 MHz (all 1’s or 0’s) | 
and 5 MHz (alternative 1’s and 0’s) signals due © 


to the nature of the Manchester encoding. 
Therefore, the rise and fall time measurements 
should be performed at both 10 and 5 MHz as 
follows: 


Using an IEEE-802.3 controller (e.g., Am7990, an 
IEEE-802.3 packet generator), send a packet 
which contains a series of 1’s or 0’s. Measure the 
rise and fall time in the data portion (all 1’s, or 0’s) 
for 10 MHz signals, and use the preamble portion 
(1010...) for 5 MHz signals. Adjust the maximum 
and the minimum peaks of the signal, using the ver- 
tical calibrator vernier of the oscilloscope, to form a 
vertical 0 to 100 grid. Using a small scale time base 
(e.g., 5 ns/div), measure the rise time from 10% to 
90% of the signal. Note that the Am7996 transmit 
10 MHz signals are attenuated somewhat relative 
to the 5 MHz signals due to the output stage low 
pass filter (the third pole) which is designed to 
meet the harmonic content specification of the 
IEEE-802.3 standard. Before measuring the 10 
MHz signals, the 0 to 100% levels must be readjus- 
ted from the 0 to 100% levels of the 5 MHz signals. 


The output characteristic of the low pass filter is 
such that an improvement can be accomplished in 
the rise and fall time and the rise/fall time mismatch 
by reducing the margin for harmonic content 
specification. The rise and fall time and mismatch 
can be reduced (improved) in value by reducing 
the value of C3. Cg can also be totally removed if 


EYE PATTERN: 


the harmonic content specification is not a 
concern. In general, the rise and fall time mismatch 
directly affects the coax transmit jitter budget. The 
more mismatch, the more jitter will be induced on 
coax transmit signals. 


Transmit Jitter Measurements 


Jitter is the displacement of a signal transition 
relative to where it would ideally be placed as 
defined by the clock of the encoder. This displace- 
ment can be in either direction of the signal tran- 
sition. The jitter can be measured for two cases: 


Bit Cell Center (BCC) 
Bit Cell Boundary (BCB) 


BCC designates where ideally a clock transition 
takes place in a Manchester bit cell. The direction 
of the clock transition represents the value of the 
data. BCB designates where ideally a signal 
transition takes place to indicate an end of a bit cell 
and start of the second bit cell whose value is the 
complement of the previous one. The transmit 
jitter is the amount of the jitter which can be 
introduced to the coaxial cable by the MAU circuitry 
when transmitting. The IEEE-802.3 and the 
Am7996 data sheet call for 2 ns (max) (the data 
sheet parameter is Tskew). 


One way of measuring the jitter is to produce 
an “eye pattern” for a bit cell center and bit cell 
boundary. An eye pattern can be produced (us- 
ing the scope trigger control) by transmitting a 
packet which contains random data. As shown 
in Figure 8, the jitter can be measured by 
measuring the time between the 50% cross- 
ings of the signals which overlap each other. 


Receive Jitter Measurements 


The Receive jitter is the amount of jitter introduced 
differentially at the AUI side of the MAU at the Dl+ 
pins. The same method of jitter measurements 
used for measuring transmit jitter, by producing an 
“eye pattern” differentially at Dit, can be used for 
receive jitter measurements. 


50% CROSSING 
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Figure 8. Jitter Measurement 
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The jitter measurements can be performed un- 
der 2 cases: jitter at near end and the jitter at far 
end. The jitter at near end is the amount of jitter 
which the MAU under test can produce differen- 


tially at Dl+ when an adjacent MAU (at a distance 
of 0.5 meter of RG-58, or 2.5 meter of Ethernet 
cable) is transmitting. The jitter at far end is when 
a MAU at the far end of the cable (185 meter of 
RG-58, or 500 meter of Ethernet cable) is trans- 
mitting. The latter case is the jitter measurement 
under the worst case conditions. 


Collision Oscillator Frequency 


The collision oscillator frequency can be measured 
at COLL OSC pin (pin 19). Rg and C, are the RC 
components of the oscillator. C, can be adjusted 
for a 10 MHz nominal frequency. In the Am7996 
evaluation board, a 39 pF capacitor was used to 
obtain a 10 MHz frequency. 


APPLICATION EXAMPLES 


Ethernet (IEEE-802.3, 10BASE5) 


In an Ethernet application, the transceiver mod- 
ule (MAU) resides outside the DTE. The Ether- 
net coax cables run through the ceiling where 
the transceiver module is tapped on to it. The 
transceiver is linked to the DTE through a rela- 
tively flexible cable. This cable is a bundle of 
twisted pair wires, shielded individually, which 
carry the differential signals to and from the DTE 
and MAU. The power to the MAU is also carried 
through this cable. In the standard, this cable is 
known as Attachment Unit Interface (AUI) cable, 
and commercially is Known as transceiver (or 
drop) cable. The AUI cable can be up to 50 me- 
ters long. In an Ethernet application, the 
Am7996 resides in the MAU, and 
Am7990/7992B reside in the DTE. 


In Ethernet implementations, where the trans- 
ceiver section resides outside the board with up to 
50 meter AUI cable, there are two pulse trans- 
formers: One at the SIA side to protect the SIA, 
and one at the transceiver side to protect the trans- 
ceiver against high voltage surges. 


Cheapernet (IEEE-802.3, 10BASE2) 


In the Cheapernet application, the MAU nor- 
mally resides within the DTE, and the AUI cable 
is optional. In a typical Cheapernet controller 
board, the chip-set (Am7990, Am7992B, and 
le) resides on the same board within the 
Figure 9 shows a typical Cheapernet implemen- 
tation using Am7990, Am7992B, and Am7996 
(also refer to AMD stand alone Ethernet/ 


Cheapernet evaluation board). For a detailed 


discussion of the external Ethernet/Cheapernet 
components to the Am7996, refer to the External 
Component Design Guidelines presented ear- 
lier in this application note. Most of the Cheaper- 
net implementations also make provision for 
supporting the Ethernet connection. This is done 
by routing the ECL differential signals to the 
Ethernet D connector, bypassing the transceiver 
(Am7996), as shown in Figure 9. Note that only 
one pulse transformer per twisted pair is re- 
quired between the Am7992B and Am7996 in 
Cheapernet implementations. The pulse trans- 
former is needed to isolate the positive common 
mode levels of the SIA (Am7992B) from the 
Am7996 (which has negative common mode 
levels). 

The SIA external components at pin 5 should be 
configured as shown in Figure 6 for half-step 
signaling when used in IEEE-802.3 applica- 
tions. Ethernet Version II specification makes it 
optional, allowing either half-step or full-step 
signaling for connection with transceivers. Most 
of the current transceiver modules support the 
half-step signaling which is recommended by 
the IEEE-802.3 standard. 


The Am7992B SIA generates negative narrow 
spikes (less than 10 ns, within 200 mV) every 
time RCLK (pin 4) is running. The spikes are due 
to the RC circuitry around TSEL (pin 5). The 
TSEL pin is an open collector output and a 
sense amplifier input. The gain of the amplifier is 
about four. The RC circuit controls the decay of 
the last positive transition (end of the packet) at 
Transmit+ when half-step signaling is used 
(TSEL is grounded for full-step signaling). | 


The positive transitions on RCLK couple cap- 
acitively with the adjacent pin having the 510 Ohm 
pull up to Voc. This noise is then amplified and ap- 
pears as spikes at Transmitt. The problem is sig- 
nificant only when the SIA is receiving a packet 
(RCLK active) or when TEST is grounded (contin- 
uous RCLK). Any false signals at Transmitt 
meeting the amplitude and pulse width require- 
ment can wake up the transceiver causing a Colli- 
sion to occur. Usually, the spikes are too narrow to 
wake up the transmitter section of the transceiver. 
As an extra precaution, a 20 pF or higher (50 pF if 
spikes are more than 200mV) capacitor across 510 
Ohms can reduce the spikes significantly. 


Consider the 40.2 Ohm resistors at the SIA side 
receive+ and collision+, and at the transceiver 
side DO+, (see Figure 9). One may think that 
there is no need for the terminating resistors 
since no AUI cable is normally used in Cheaper- 
net applications. True, there is no AUI cable; 
however, the resistors at DO+ also form part of 
the output load when the SIA is driving transmit+ , 
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Figure 9. Am7996 Cheapernet Chip-set (Am7990, Am7992B, and Am7996) Interconnection Diagram 
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and the resistors at collisions and receive+ form part 
of the output load when the transceiver is driving its 
Cl+ and Dlz outputs. If these resistors are removed, 
the SIA and transceiver will still be functional; how- 
ever, distortion on SlA/transceiver interface is more 
likely to occur. It is recommended that the 40.2Q 
resistors be used as specified. 


Repeater Design 


A transceiver module is designed to drive either one 
Ethernet or one Cheapernet cable segment. There 
can be up to five cable segments as specified by the 
standard. Repeaters are used to link the cable seg- 
ments together so that all the nodes attached to dif- 
ferent cable segments can communicate with each 
other. The main function of the repeater is make all 
the isolated cable segments appear as one single 
cable. The repeater restores the energy of the signal 
to permit driving another cable segment. Refer to 
Figure 10 for a block diagram of a repeater and also 
to Figure 3 for a network configuration using repeat- 
ers. 


There are two sides to the repeater: One side of 
the repeater is attached to one cable segment; the 
other side is attached to another cable segment. A 
repeater should transfer the messages across re- 
gardless of the address or the data contents of the 
packet. When a collision is detected on any side to 
which the repeater is transmitting, the repeater 
transmits a Jam (1010 pattern) to both sides of its 
connection. This mechanism ensures that the colli- 
sion is recognized by all the nodes on both cable 
segments connected via the repeater. 


COAX 
SEGMENT 1 


Figure 10. Typical Repeater Unit Block Diagram 


REPEATER 
UNIT 
CONTROLLER 


When using the Am7996 in a repeater application, 
the external component diagram, Figure 4, should 
be used. In this configuration, the collision 
detection threshold is adjusted for receive mode 
Collision detection, and the SQE test is inhibited. 


Re-Generative Repeaters: There are two types of 
repeaters: re-generative and non-generative. The 
re-generative repeaters re-generate the 64 pre- 
amble bits (including the sync bits) normally within 
the frame. When a packet arrives (data carrier is de- 
tected), the repeater starts sending preamble bits 
to the other side while searching for the sync bits 
from the receiving end. When it finds the sync 
bits, it stores the data (the bits following the sync 
bits) until it is finished sending the preamble bits. 
Then it immediately starts sending the data. The 
preamble duplication mechanism ensures that any 
lost preamble bits, within the receiving packet, are 
restored before the data reaches the other cable 
segment. 


Non-Generative Repeaters: The non-generative 
repeaters just repeat the signals without adding 
any preamble bits to the frame. The drawback with 
this type of repeater is that the lost preamble bits 
(due to the cables, transceivers, and other 
repeaters along the path) are not restored. Fewer 
preamble bits will leave less margin for the PLL 
decoders to lock into the Manchester data. It may 
take aS many as 12 preamble bits for the PLL to 
acquire the clock in some of the VLSI decoders. 
The Am7992B (SIA) PLL acquires the clock in only 
4 bit times. 


COAX 
SEGMENT 2 


POWER 
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APPENDIX A 


TRANSCEIVER CABLE PIN ASSIGNMENTS (IEEE 802.3) 


Pin Circuit Description Use 
1 CI-S Control In circuit Shield Coll shield 
2 CI-A Control In circuit A Coll — 
3 DO-A Data Out circuit A Xmit (DO) + 
4 DI-S Data In circuit Shield Rx Shield 
5 DI-A Data In circuit A Rx (Dl) + 
6 Ve Voltage Common 12 V ground 
7 CO-A Control Out circuit A —option— 
8 CO-S Control Out circuit Shield —option— 
9 CI-B Control In circuit B Coll + 
10 DO-B Data Out circuit B Xmit (DO) — 
11 DO-S Data Out circuit Shield Xmit shield 
12 DI-B Data In circuit B Rx (Dl) - 
13. VP Voltage Plus +12V 
14 VS Voltage Shield DTE ground 
15 CO-B Control Out circuit B —option— 
Shell PG Protective Ground Chassis 
ETHERNET AUI CABLE 

Pin Description Use 

1 Shield Chassis 

2 Collision Presence Coll + 

3 Transmit + Xmit (DO) + 

4 Reserved NC 

5 Receive + Rx (Dl) + 

6 Power Return 12 V ground 

7 Reserved NC 

8 Reserved NC 

9 Collision Presence Coll — 

10 Transmit - Xmit (DO) — 

11 Reserved NC 

12 Receive Rx (Dl) - 

13 Power ~~ +12V 

14 Reserved NC 

15 Reserved NC 

Shell Chassis 
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RELATED HARDWARE SUPPORT 


There are two different types of evaluation 
boards which integrate the Am7996. They are: 


e Am/7996 evaluation board 
(PN Am7996EVAL) 


e Ethernet-Cheapernet Low Lost AT Board 
(PN ETHNEVALS) 


RELATED DOCUMENTATION 


Am7990 Family Reference Guide #03394 


Local Area Network Controller Am7990 
(LANCE) Technical Manual #06363 


Interfacing the Am7990 to 7422 8-bit 
Microprocessors — 


Am7990 (LANCE) Data Sheet #05698 
Am7992B (SIA) Data Sheet #03378 
Am7996 (Tranceiver) Data Sheet #07506 
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APPENDIX C 


PC BOARD LAYOUT CONSIDERATIONS — 


To protect the transceiver from the environment 
and to achieve optimum performance, the 
Am7996 is designed to be used with two sets of 
external components: the transmitter circuit 
consisting of components D1, D2, D3, R7, R8, 
and C3, and the receiver circuit consisting of 
components R89, R6, C,, and C, (C, is a parasitic 
capacitance rather than a discrete component). 
These two circuits are shown in both Figure 4 
and in Figure 5. The resistor tolerances for these 
circuits are specified as 1% for temperature 
stability. 


The only layout restriction for the transmitter 
circuit is that the longest current path from the 
TXT pin (pin 12) to the coaxial cable's center 
conductor must be no longer than 4 inches. 


The layout of the receiver circuit, however, is criti- 
cal. to minimize parasitic capacitance that can de- 
grade the received signal, the external receiver 
circuit should be isolated from power and ground 
planes. There must be no power or ground plane 
under the area of the PC board that includes pins 
15 through 20, R5, R6, and the connector for the 
coaxial cable. If a power or ground plane extends 
under this area, the receiver will not function prop- 
erly due to excessive crosstalk and under- or over- 
compensation of the R5—R6 attenuator. Also, the 
RXT pin (Pin 16) should be as close to the coaxial 
cable connector as possible. 


Area with no power or ground plane 


07506-002A 
BDO008560 


Figure 11. PC Board Outline 
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Since there are no severe layout restrictions on 
the transmitter circuit, the layout can be simplified 
by omittiing power and ground planes from the 
whole area on the right side of the Am7996 as 
shown in Figure11. . 


If the above layout rules are followed, the para- 
sitic capacitance in parallel with R6 will be about 
6 pF. This parasitic capacitance is shown in the 
schematics as C,. (Note that C, is a parasitic 
capacitance. Do not add a discrete capacitor in 
parallel with R6.) The capacitor labelled C,, in the 
schematics is the total capacitance in parallel 
with R5 including parasitic capacitance. The 
parasitic component of C,, willbe about 1 pF. For 
optimum performance, the ratio of C, to C, should 
be the same as the ratio of R5 to R6, which is 3 
to 1. This means that an additional 1 pF of 
capacitance must be added in parallel with R5. 


This extra 1 pF of capacitance can easily be 
added by building a parallel-plate capacitor from 
PC traces right under resistor R5. This capacitor 
can consist of a 0.200 inch by 0.200 inch square 
of conductor on each side of the board as shown 
in Figure 12. (These dimensions assume that the 
PC board is made from 0.060 inch thick G-10 
material.) The top plate of the capacitor should be 
connected to the one lead of R5, and the bottom 
plate should be connected to the other lead. 
Figure 13 shows an example of the suggested 
layout for a 4-layer printed circuit board. Note that 
the component labeling used in Figure 13 is not © 
intended to correspond with the component la- 
beling used in Figure 4 and Figure 5. 


Ne in x 0.200 in 


two planes 
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Figure 12 PC Board Trace Capacitor 
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Figure 13. Suggested Printed Circuit Board Layout for a 4 Layer PCB Application 
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LANCE-AT-KT 


Am7990 Based Ethernet/Cheapernet/Twisted Pair 
Half Card Evaluation Kit for PC/AT™ 


DISTINCTIVE CHARACTERISTICS 
m LANCE-AT-KT/x integrated with 10BASE2 
transceiver and AUI port 


m LANCE-AT-KT/xT integrated with 10BASE-T 
transceiver and AUI port 


= Implements a working Ethernet node using an 
IBM PC/AT or compatible as host 


m= Complete solution utilizes Local Area Network 
Controller for Ethernet (LANCE) high 
performance, low-cost bus master architecture 


= Supports the following types of network 
interface: 
~— Standard AUI port for external 10BASE2, 
10BASE5, or 10BASE-T MAU connection 


GENERAL DESCRIPTION 


The Ethernet/Cheapernet/IEEE 802.3 evaluation kit, 
called the LANCE-AT-KT, is a design evaluation vehicle 
for AMD’s Ethernet chipset. It is intended for use in IBM 
PC/AT or compatible machines, and represents a low 
component count, minimum board space, low cost net- 
work adapter implementation. There are two versions of 
the card available for evaluation, each optimized for a 
particular medium. The LANCE-AT-KT/x card supports 
the 10BASE2 (Cheapernet) connection, while the 
LANCE-AT-KT/xT card supports the 10BASE-T 
(Twisted Pair) connection. Both versions have a stan- 
dard AUI port (fully IEEE 802.3, Section 7, compliant) for 
connecting to 10BASE5 (Ethernet) medium through an 
external MAU. The choice of network media operation 
is jumper selectable. 


Despite the card’s low cost, it is still a high performance 
design that takes full advantage of the PC/AT multi- 
master I/O bus. When installed in a host machine, the 
system becomes a platform upon which to evaluate net- 
work hardware and to develop software for a complete 
node processor. The software designer can take ad- 
vantage of the many tools available for the PC/AT — 
compilers, assemblers, and debuggers. 


The LANCE-AT-KT comes with a floppy diskette of soft- 
ware programs. The software includes a high-level 


Publication# 14605 Rev. B Amendment/o0 


Issue Date: January 1992 


Advanced 
Micro 
Devices 


— Onboard transceiver for Cheapernet 
connection (LANCE-AT-KT/x only) 


— On board transceiver for Twisted Pair 
connection (LANCE-AT-KT/xT only) 


= Evaluation software allows the system 
designer access to register level functions, 
thereby facilitating quick development of 
custom software drivers 


= 100% compatible with Novell NE2100 card 


= Includes Novell NetWare™ driver object code, 
allowing immediate connection to a working 
LAN environment 


demonstration program, a low-level driver/monitor, 
Packet Driver (version 1.07), and Novell NetWare™ 
driver object code. The demonstration program con- 
tains an ISO data link layer with a menu driven interface 
which allows the user to assign physical and logical ad- 
dresses, establish connections, and send and receive 
messages. The driver/monitor lets the user view and 
change the contents of the LANCE’s registers, the 
memory resident Initialization Block, and the data buffer 
Descriptor Rings. The program also allows the designer 
to establish loops for hardware data probing. The 
Packet Driver (Source code and object code) is included 
as a sample LANCE driver in 80286 assembly lan- 
guage. The Novell NetWare object code transforms the 
LANCE-AT-KT into a cost effective, competitive, and 
manufacturing-ready commercial board level product. 
This allows the user to evaluate the performance of the 
AMD Ethernet chipset in a real PC LAN system. The 
LANCE-AT-KT and its NetWare driver is certified by 
Novell. 


In addition to the board and the software diskette, the 
LANCE-AT-KT kit comes with a user’s manual including 
device specifications, device application notes, a local 


~ area network controller technical manual, the AMD 


Ethernet/IEEE 802.3 Family data book, and cable hook- 
up hardware. 
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LANCE-AT-KT/xT 


cl Spee EER EREEY at | AUI Port 


Am7990 Am7992B 


cl 


Am79C98 


Twisted Pair 


14605A-001A 


LANCE-AT-KT/x 


Am7990 >i 


cl 


Am7997 


AUI Port 


[_ Cheapernet 


14605A-002A 
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ILACC-MAC-KT 


Am79C900 Based 32-Bit NuBus™ Card Ethernet Evaluation Kit 


for Macintosh lI@ 


DISTINCTIVE CHARACTERISTICS 
w Implements a working Ethernet evaluation 
node using a Mac Il as host 


= Complete solution utilizes the Am79C900 
Integrated Local Area Communications 
Controller (ILACC) high performance 32-Bit 
Ethernet controller 


GENERAL DESCRIPTION 


The Ethernet/Cheapernet/IEEE 802.3 evaluation kit 
(ILACC-MAC-KT) is a design evaluation vehicle for 
AMD's 32-Bit ILACC Ethernet chip. It is intended for use 
inthe Apple Macintosh || family of computers, and repre- 
sents a highly integrated Ethernet network adapter im- 
plementation. The ILACC-MAC-KT utilizes a shared 


memory architecture, and contains the Declaration. 


ROM and user ROM capability. The card supports 
Ethernet and 10BASE-T via the AUI port and Cheaper- 
net (10BASE2) with an onboard transceiver. The choice 
of network media operation is jumper selectable. 


When the ILACC-MAC-KT is installed in a host ma- 
chine, the system becomes a platform upon which to 
evaluate network hardware and to develop software for 
the 32-bit ILACC Ethernet controller. The system de- 
signer can therefore minimize the time required for 
familiarization with and prototyping of ILACC based 
Ethernet applications. 


BLOCK DIAGRAM 
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m Development software allows the system 
designer access to register level functions of 
the ILACC, thereby facilitating quick 
development of customized software drivers 


= On-board transceiver supports 802.3 10BASE2 
(Cheapernet) connection. Standard AUI port 
can be connected to10BASE5 (Ethernet) or 
10BASE-T (Twisted Pair) media 


The ILACC-MAC-KT comes with ILACC Monitor 
(IMON) software. This software monitor allows the user 
to assign physical and logical addresses, establish con- 
nections, and send and receive data packets. The moni- 
tor lets the user view and change the contents of the 
ILACC’s registers, the memory resident Initialization 
Biock, and the data buffer Descriptor Rings. The pro- 
gram also allows the designer to establish operational 
loops for hardware data probing. In the IMON environ- 
ment, commands can be entered via the command line 
for single step debugging or through batch files for auto- 
matic or repetitious operations. 


In addition to the the board and the software diskette, 
the ILACC-MAC-KT kit comes with a user’s manual in- 
cluding schematic diagrams, device specifications, and 
coaxial cable hook-up hardware. 


Pm 
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Am/996EVAL-HW 


Ethernet/Cheapernet Transceiver Evaluation Kit 


DISTINCTIVE CHARACTERISTICS 
m Connects the standard AUI port interface to 
10BASE-2 (Cheapernet) connector. 


= Jumper selectable Signal Quality Error (SQE) 
test allows evaluation in both node and 
repeater applications. 


GENERAL DESCRIPTION | 

The Am7996EVAL-HW board is a self contained mod- 
ule that implements all the functions of a Medium At- 
tachment Unit (MAU) for IEEE 802.3 10BASE-2 
(Cheapernet). This 3”x3” board can be used to connect 
any AUI port interface to the ‘thin’ coaxial cable used in 
Cheapernet networks. This system permits the network 
designer to monitor signals on the card to increase his 


BLOCK DIAGRAM 


AUI Port 


JUMPER SETTINGS 
The jumper settings specify the type of collision detect 
that is used. | 


Transmit collision detect: connect 1&3 


connect 1 & 2 
3&4 


Receive collision detect: 
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m Self contained board facilitates rapid 
evaluation of the AUI -to-coax system block, 
and demonstrates optimal analog design 
criteria. 


understanding of IEEE 802.3 standards and conven- 
tions. A jumper selectable SQE test enable/disable iets 
the board function in both user node or network repeater 
applications. In addition, optimal PC board layout is em- 
ployed. The Am7996EVAL-HW kit comes complete with 
schematics, application notes, and coaxial cable con- 
nection hardware. 
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CIRCUIT DIAGRAM 


VCC1 


Cl+ 


pF 
4 
.P2-5_) 
Receive Py 
5 
LP 2-12) 
PE64102 BNC 


or 
PE64107 


(P24) 3KV 
= 
P2-14 


Notes: 
CL 


Effective Parasitic Capacitance 


C3 = 1/3 Ct (PC Trace was Used for C3) 

RMC = Receive Mode Collision Detection (R1, R2, and C2 are needed for RMC Function) 
Jumper 1 to 2 and 3 to 4 

TMC = Transmit Mode Collision Detection 


Jumper 1 to 3, open 2 and 4 


DC — DC CONVERTER PINOUT 


DC/DC Converters Input = +12 V Output = -9 V 


Reliability INC. 


2E12R9 


Pulse Engineering 


PE64540 
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Am7/997EVAL-HW 


Stand-alone Ethernet/Cheapernet IEEE 802.3 Compliant Tap 


Transceiver Evaluation Board 


DISTINCTIVE CHARACTERISTICS 

@ Fully compliant to the IEEE 802.3 Ethernet 
specification for both 10BASE-2 and 
10BASE-5 


Mm Standard version connects the standard AUIl 
port interface to 10BASE-2 (Cheapernet) BNC 
connector. PC board can also support the 
10BASE-5 ‘vampire’ connector 
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m™ Jumper selectable Signal Quality Error (SQE) 
test allows evaluation in both DTE and repeater 
applications 


@ Selfcontained board facilitates rapid evaiuation 
of the AUI-to-coax system block, and 
demonstrates optimal analog design criteria 
necessary for IEEE 802.3 compliance 


GENERAL DESCRIPTION 

The Am7997EVAL-HW board is a self contained mod- 
ule that implements all the functions of a fully compliant 
Medium Attachment Unit (MAU) for IEEE 802.3 
10BASE-5 (Ethernet) or 10BASE-2 (Cheapernet). The 
evaluation board is based on the 802.3 compliant 


_ Am7997 coaxial tap transceiver chip. This 3°x3” board 


can be used to connect any AUI port interface to either 
the ‘thin’ coaxial cable used in Cheapernet networks or 
to the ‘thick’ cable used in 10BASE-5 applications. This 


BLOCK DIAGRAM 
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system permits the network designer to monitor signals 
onthe card to increase his understanding of IEEE 802.3 
standards and conventions. A jumper selectable SQE 
test enable/disable lets the board function in both user 
node (DTE) or network repeater applications. In addi- 
tion, optimal PC board layout is employed. The 
Am7997EVAL-HW kit comes complete with the AMD 
802.3 Handbook, schematics, application note, and PC 
board layout artwork. 


15090-001A 
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LAYOUT CONSIDERATIONS 


To protect the transceiver from the environment and to 
achieve optimum performance, the Am7997 is designed 
to be used with two sets of external components: the 
transmitter circuit consisting of components D1, D2, D3, 
R5, RY, R10, C6, C7, and C12, and the receiver circuit 
consisting of components R1, R2, R3, C2, Ci, and Cc 
(Ci is a parasitic capacitance rather than a discrete 
component). These combined circuits are shown in the 
schematic. The resistor tolerances for these circuits are 
specified as 1%. 


The primary layout restriction for the transmitter circuit is 
that the longest current path from the TXT pin (PLCC pin 
17) to the coaxial cable’s center conductor must be as 
short as possible. Also, the transmitter circuitry should 
be physically isolated from power and ground planes, 
i.e. NO power or ground planes under the transmitter cir- 
cuit components. 


The layout of the receiver circuit is even more critical. To 
minimize parasitic capacitance that can degrade the re- 
ceived signal, the external receiver circuit should also 
be physically isolated from power and ground planes. 
There must be no power or ground plane under the area 
of the P.C. board that includes PLCC pins 22 through 1, 
R2, R3, and the connector for the coaxial cable. If a 
power or ground plane extends under this area, the re- 
ceiver will not function properly due to excessive 
crosstalk and under- or over-compensation of the 
R2—-R3 attenuator. Also, the RXT pin should be as close 
as possible to the coaxial cable connector. 


The layout of the receiver and transmitter circuits can be 
simplified by omitting power and ground planes from the 
whole area on the right side of the Am7997 as shown in 
Figure 1. Also, the TAP SHIELD pin (PLCC pin 28) 
should be connected directly to the shield of the coax 
connector without any other P.C. board ground trace 
hanging off of it. 


If the above layout rules are followed, the parasitic ca- 
pacitance in parallel with R2 will be about 6pF. This 
parasitic capacitance is shown in the schematics as CL 
(Note that Ci is a parasitic capacitance. Do not add a 
discrete capacitor in parallel with R2). The capacitor la- 


AMD al 


beled Cc in the schematics is the total capacitance in 
parallel with R3 including parasitic capacitance. The 
parasitic component of Cc will be about 1 pF. For opti- 
mum performance, the ratio of CL to Cc should be the 
same as the ratio of R3 to R2, which is 3:1. This means 
that an additional 1 pF of capacitance must be added in 
parallel with R3. 


28 RXT 
Am7997 


soe] | BL PB Re, 
taal Coax 
OSCE ONe. | Connector 
Area with no power or ground plane 
15090-002A 
Figure 1. 


This extra 1pF of capacitance can easily be added by 
building a capacitor out of P.C. board traces right under 
R3. One example of this is a 0.100 x 0.100 inch parallel 
plate capacitor on two layers of the P.C. board as shown 
in Figure 2 and Figure 3 (These dimensions assume that 
the P.C. board is made from 0.060 inch thick G-10 mate- 
rial. The top plate of the capacitor should be connected 
to one lead of R3, with the bottom plate connected to the 
other lead of R3. 


Component 
Si Len ce eee eee ee ces es cee ane a Side 
X 0.100 in x 0.100 in 
two planes 
Figure 2. 15090-003A 
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15090-004A 


Component Side Silkscreen 


Pry ae: ae 
i C9 
C10 
e C11 


@2000060600 C13 


15090-006A 
Solder Side U1 


Ww1 


15090-005A 


Component Side 


.001p1F GAPKAP 
0.1,1F 

1000pF 3KV 
0.1p1F 

4.7 UF 

1LF 

1000pF 

4.7uF 

0.1 LF 

NOT USED 
180pF 

0.01u.F 50V 
1N4153 
1N4153 
MUR120 
15-Pin D Connector Male 
BNC Connector 
1.96KQ 1% 
24.9KQ 1% 
75.0KQ 1% 
1MQ 5% 0.5W 
2.74KQ 1% 
2370. 1% 
40.20 1% 
40.2Q 1% 
9.09Q 1% 


- 27.0KQ 1% 


LT6031 Pulse Transformer 
Am7997JC 

PM7005 DC-DC Converter 
3-Pin Jumper Block 


(All Resistors are 1% except where noted) 


Figure 3. Suggested Printed Circuit Board Layout for a Double-Sided PCB Application 
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Am/9C98EVAL-HW 


10BASE-T (Twisted Pair Ethernet) Transceiver Evaluation Kit 


DISTINCTIVE CHARACTERISTICS | 

m Connects 10BASE-T network (using an RJ45 
connector) to Ethernet controller via the 
standard Attachment Unit Interface (AUI). 


m Jumper selectable enable/disables for the 
following functions: Signal Quality Error (SQE), 


Idie Link Test, and Link Polarity Reversal 


Detection/Correction. 


GENERAL DESCRIPTION 


The Am79C98EVAL-HW board is a self contained mod- 
ule that implements all the functions of a Medium At- 
tachment Unit (MAU) for the IEEE 802.3 Draft 10 for 
10BASE-T (Twisted Pair Ethernet). This compact board 
can be used to connect the Data Terminal Equipment 
(DTE) (via an AUI port interface) to the twisted pair wir- 
ing used in 10BASE-T “Twisted Pair Ethernet” net- 
works. The evaluation system contains onboard LED in- 
dicators to help the designer monitor the status of the 
network interface, including transmit/receive, collision, 
Idle Link status, and Polarity Reversal Detection and 


— cr 
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= Self contained board permits immediate 
connection to “Twisted Pair Ethernet” network. 


Correction. A jumper selectable SQE test (Heartbeat) 
enable/disable lets the board function in both DTE 
(SQE enabled) or network repeater (SQE disabled) ap- 
plications. The Idle Link Test and Polarity Reversal De- 
tection/Correction functions can also be separately dis- 
abled based on user configurable jumpers. In addition, 
optimal application configuration and PC board layout 
are employed. The Am79C98EVAL-HW kit comes com- 
plete with schematics, PC board artwork, and twisted 
pair wiring connection hardware. 


BLOCK DIAGRAM 
Twisted 
Interface 


Display 
LEDs 


\gaal NAVY (NAM 
TSN CES AEN 
Ly Vay <4 
7T- 47S 
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IMR-VELCRO-HW 


Am79C980 Integrated Multiport Repeater Evaluation Kit 


DISTINCTIVE CHARACTERISTICS 
m Stand alone 8-port 10BASE-T hub 


mM 8 10BASE-T ports and 1 AUI port for added 
versatility 


m™ Serial Management Port interface for 
monitoring and programming the board with the 
IBM PC demo software 


GENERAL DESCRIPTION 


The Twisted Pair Transceiver evaluation kit (IMR- 
VELCRO-HW) is a design evaluation vehicle for AMD’s 
Am79C980 Integrated Multiport Repeater (IMR™). The 
board is a self contained module that fully implements 
the Repeater functions specified by section 9 of the 
IEEE 802.3 standard and the Twisted Pair Transceiver 
functions conforming to the 10BASE-T standard. 


The 5'/2” x 5%/4” board contains eight integral Twisted 
Pair Medium Attachment Units (MAUs) and an IEEE 
802.3 (section 7) compliant Attachment Unit Interface 
(AUI) to provide a simple platform to allow evaluation of 
the baseline feature set of the IMR. This system permits 
the network designer to monitor activities on the card 
through the serial Management Port. The board has an 
RS-232 interface that allows the designer to program 
the IMR and to read back the chip status with the pro- 
vided software. The board also contains status LEDs for 


BLOCK DIAGRAM 
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| Only a single 12 V DC power supply required 


m@ On-board transformer/filter modules for 
filtering and network isolation 


™@ Contains status LEDs for either carrier sense or 
link status 


M@ Expandable to a 24-port hub (plus 3 AUI ports) 


monitoring carrier sense or link status. With the on- 
board expansion bus, the hub is expandable to a maxi- 
mum of 24 Twisted Pair MAUs and 3 AUis. 


The kit comes with an interactive IMR Management Port 
Monitor program that runs on an IBM PC/AT or compat- 
ible. This program exercises both the management port 
and the Twisted Pair ports (when used in conjunction 
with the LANCE-AT-KT card) of the repeater and moni- 
tors the status of the transmission. The monitor allows 
the user to assign physical and logical addresses, es- 
tablish connections, and send and receive data packets. 


In addition to the evaluation board and the software 
diskette, the IMR-VELCRO-HW kit comes complete 
with a user’s manual including schematic diagrams, de- 
vice specifications, device application notes, and the 
AMD Ethernet/IEEE-802.3 Family data book. 


Twisted Pair Interface (8) 


Quad Filtter/ 
Transformer 


AUI Port _ 


Serial Port 


+12 VIN 
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LEDs 
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Port Status 
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SECTION 5 cl 
Physical Dimensions* 


CD 020 20-Pin Ceramic DIP ..... 2... 0... ee eee eens 5-3 
CD3024 24-Pin (Slim) Ceramic DIP ............. 0... ccc ee eee ee 5-3 
PD 020: 20-Pin Plastic DIP! 6264.05 Ns bere Che OWE d POE AE ON HOS ERS 5—4 
PD:048 48-Pin. Plastic: DIP i356 eh ene ew tae es 4 de cca ube eine eh wees 5—4 
PD3024 24-Pin (Slim) Plastic DIP ....................005. te aaptieandeaiverace 5-5 
PL 020 20-Pin Plastic Leaded Chip Carrier.............. 0.0.0.0. 2.0 e eee . 5 
PL 028 28-Pin Plastic Leaded Chip Carrier... 1.2.0.0... cee ee 5-6 
PL 068 68-Pin Plastic Leaded Chip Carrier ........... 0.0.0... cece eee 5-6 
PL 084 84-Pin Plastic Leaded Chip Carrier ........... 0.0.00... eee ee eee 5-7 
SD 048 48-Pin Sidebrazed Ceramic DIP .......... 0.0... ccc ce ee es 5-8 


* For reference only. All dimensions are measured inches unless otherwise specified. BSC is an 
ANSI standard for Basic Space Centering. 
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Physical Dimensions 


CD 020 
20-Pin Ceramic DIP 


07553B-001 


CD3024 
24-Pin (Slim) Ceramic DIP 


TOP VIEW 


125 .060 
.160 o 
a , | | ns pte _,| 06850E 
MAX 
015 12/18/91/91 
(02 BZ13 cde 
SIDE VIEW END VIEW 
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Physical Dimensions 
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PD 020 
20-Pin Plastic DIP 


.300 
325 
008 
gos 
Q° » 
7° 330 | 07552C 
= CA 3 PD 020 
.430 12/18/91 cdc 
SIDE VIEW END VIEW 


PD 048 
48-Pin Plastic DIP 


06566C 


Physical Dimensions 


PD3024 
24-Pin (Slim) Plastic DIP 
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0° 
7? 


07089F-001 
BC 4 
12/6/90 cd 


PL 020 
20-Pin Plastic Leaded Chip Carrier 


042 .050 
.048 REF 
Woes 
385 .350 .032 
395 .356 
ak 
2356 
385 
.395 
TOP VIEW 


042 
.056 


01 


021 
200 .290 
REF 330 


009 
2015 


06970D 
BV 8 PL 020 
1/2/92 c de 


SIDE VIEW 
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PL 028 
28-Pin Plastic Leaded Chip Carrier 


042 .050 
.048 REF 
4 ove 
.032 
495 .456 
anal 
456 
485 
495 
TOP VIEW 


PL 068 
68-Pin Plastic Leaded Chip Carrier 


.042 050 


Physical Dimensions | 


01 


21 


oO 


300 390 
REF 1430 


06751F 
BV 8 PL 028 
12/31/91 ¢ dc 


SIDE VIEW 


025 
a6 


N 


800 .890 
REF .930 


HO A, 


e 


\ 


007 
013 06753K 
BV 8 
9/9/91 cdc 
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PL 084 
84-Pin Plastic Leaded Chip Carrier 


.020 
042 MIN 
.056 025 5, 
zi ies 045 
im 2 


1.000 1.090 


1.185 1.150 REF 1730 


1.195 1.156 


WARARAARARAA AAAI 


U 


O° 
o) 
N 


.130 09980B 


BV 
165 9/9/91 cdc 
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SD 048 
48-Pin Sidebrazed Ceramic DIP 


Physical Dimensions 


07644C 
AW 25 
8/14/91 cdc 
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UNITED KINGDOM, 
Manchester area ......... WS Lich prevnedereerica mapa (0925) 828008 
(Warrington) PAK ot cdesctesicimaren ts (0925) 827693 
London area ........... ee | = Greener er Peery (0483) 740440 
(Woking) RAD sevGrinndar nice (0483) 756196 
North American Representatives____ 
CANADA 
Burnaby, B.C. - DAVETEK MARKETING............ (604) 430-3680 
Kanata, Ontario — VITEL ELECTRONICS .......... (613) 592-0060 
Mississauga, Ontario — VITEL ELECTRONICS .(416) 676-9720 
Lachine, Quebec — VITEL ELECTRONICS. ........ (514) 636-5951 
ILLINOIS 
Skokie — INDUSTRIAL 
REPRESENTATIVES, ING oo... cceeeseteeees (708) 967-8430 
INDIANA 
Huntington - ELECTRONIC MARKETING 
CONSULTANTS, INC... cece ceeesseceeneee (317) 921-3450 
Indianapolis - ELECTRONIC MARKETING 
CONSULTANTS, INC... cece ceetteeceenaes (317) 921-3450 
IOWA 
LORENZ: SAUCE Se sence. isc torceniida dhiereassins (319) 377-4666 
KANSAS 
Merriam — LORENZ SALES 00.0... eeneeeeees (913) 469-1312 
Wichita — LORENZ SALES .......... cece eeeeeeeeeeees (316) 721-0500 
KENTUCKY 
ELECTRONIC MARKETING 
CONSULTANTS, INC ooo ecccsceeeesneneeeees (317) 921-3452 
MICHIGAN 
Birmingham — MIKE RAICK ASSOCIATES ........ (313) 644-5040 
Holland - COM-TEK SALES, INC ........ eee (616) 392-7100 
Novi —- COM-TEK SALES, INC 0.0... eee eeeeeeeee (313) 227-0007 
MINNESOTA 
Mel Foster Tech. Sales, Inc. ....... ee eeeeeeee (612) 941-9790 
MISSOURI 
LORENZ SALES iis ievnceccdsciqeas haccemaadecnock (314) 997-4558 
NEBRASKA 
LORENZ SALES wigeccriniiatnucieceeteuin (402) 475-4660 
NEW MEXICO 
THORSON DESERT STATES .............cceeeee (505) 883-4343 
NEW YORK 
East Syracuse — NYCOM, INC ..... ee. (315) 437-8343 
Hauppauge — COMPONENT 
Pe carl PNG fare kccatee antalonapuv encase es (516) 273-5050 
Centerville - DOLFUSS ROOT & CO............ (513) 433-6776 
Columbus — DOLFUSS ROOT & CO............. (614) 885-4844 
Westlake - DOLFUSS ROOT & CO............... (216) 899-9370 
OREGON 
ELECTRA TECHNICAL SALES, INC............. (503) 643-5074 
PENNSYLVANIA 
RUSSELL F. CLARK CO.,INC. oe (412) 242-9500 
PUERTO RICO 
COMP REP ASSOC, ING 00. eeeeeeeeeeee (809) 746-6550 
WASHINGTON 
ELECTRA TECHNICAL SALES. ................00. (206) 821-7442 
WISCONSIN 
Brookfield — INDUSTRIAL 
REPRESENTATIVES, INC ...0..... cee ceeeeeeeceetenes (414) 789-9393 


Advanced Micro Devices reserves the right to make changes in its product without notice in order to improve design or performance characteristics. 
The performance characteristics listed in this document are guaranteed by specific tests, guard banding, design and other practices common to 
the industry. For specific testing details, contact your local AMD sales representative. The company assumes no responsibility for the use of any 


circuits described herein. 
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